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ABSTfulCT 

Cambrian or Ordovician, Ordovician, Silurian, and 

Devonian volcanic and elastic sedimentary rocks, with an 

agtregate thickness of more than 23,000 feet, underlie 

about 65 percent of the Katahdin-Traveler area, i-1alne. The 

stratified rocks are in the chlorite zone of regi~nal 

metamorphism a.'1.d were deformed during the Middle or Late 

Devonian Acadian orogeny into a r:iajor 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 

varicolored slates, quartzites, and grits of Cambrian or 

Ordovician age. These are overlain with probable un-

conformity by Middle Ordovician olivine basalt and the 

basalt is, in turn, unconformably overlain by coarse elastic 

rocks of Barly Silurian age. Practically the only carbonate 

+ rocks in the area are thin (300-feet) carbonate-rich silt-

stones of Middle Stluria.."1 age. 

This study is focused upon the Lower Devonian rocks, 

particularly upon the Traveler felsite. The oldest Devonian 

rocks are a monotonous series of graded beds of dark-

colored slate and minor sandstone of the Seboomook formation. 

These are overlain by about 4500 feet of rusty weathering, 

cross-laminated sandstone and minor slate of the Matagamon 

formation. 
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The Traveler felsi te covers about 70 square miles 

and has an estimated volume of about 70 cubic miles. It is 

the largest of a chain of Lower Devonian felsi te bodies in 

central Maine, and one of the largest bodies of extrusive 

felsites in the world. The felsite has been divided into 

a lower Fof_;y riember, consisting largely of welded tuff, 

an upper Black Cat member, consisting largely of lava. 

Typically the Fogy member contains quartz, calcic andesine, 

and altered mafic silicate phenocrysts; the andesine has 

structure characteristics of the low thermal roodific at ion. 

Typically the Black Cat member contains calcic andesine, 

ferraugite, and biotite phenocrysts; the andesine has 

structure ~~aracteristics of an intermediate thermal 

modification. To a first approximation, the Traveler 

felsite is isochemical and is believed to have been erupted 

in a short interval of time. These relationships could be 

explained by a decrease in the volatile content of the 

magma during the course of the erupt ions. Because of the 

presence of welded tuff, it is believed tmt tbe bulk of 

the felsite was erupted subaerially. It is also believed 

that a large caldera was formed during and after the 

eruption of the felsi te. 

Clastic rocks of the Trout Valley formation, the 

youn:;est stratified unit in the area, unconformably over­

lie the Traveler felsite. This formation includes at its 

base, a coarse felsite conslomerate lentil, the Gifford 
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conglomerate lentil. Early terrestrial plant fossils 

occur abundantly in the formation. These, other fossils 

in the Trcu.t Valley forNation, and character of the rocks 

suggest that much of the formation was deposited in 

shallow brachish water, p9rhaps adjacent to a...'1 eroding 

volcanic is land. 

The Katahdin granite, a perthite, plagioclase, 

biotite granite, covers the entire southern third of the 

area of study. The granite exposed here is part of a 

lart;e batholi th, which extends to the southwest nearly 30 

miles beyond the area of study. On the upper part .of 

Mount Katahdin, the granite becomes pink, vuggy, and has 

a granophyric texture. This probably indicates proximity 

to the roof of the magma chamber. If so, the roof of the 

magma c bamb er appears to have been nearly flat in the 

vicinity of Mount Katahdin. 
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CHAPTER I 

INTRODUCTION 

LOCA'11ION 

The Katahdin-Travelcr area covers about 300 square 

miles in Penobscot and Piscataquis Counties, north-central 

Maine, (fig.. 1). It includes most of the Traveler Mountain 

quadrangle (latitude 46°00 1 to 46°15 1 N, longitude 68°45' 

to 69°00• W} and portions of the Katahdin, Shin rend and 

Te los Latrn quadrangles. The area extends from Baxter Peak 

of Mt. Katahdin on the south to the northern border of the 

Traveler Mountain quadrangle on the north and from Nesowadne­

hunk: Lake on the west to Bowlin Pond and the Bowlin Pond 

Road on the east, (fig. 2). The region between Matagamon 

Lake and the northern border of the Traveler Mountain 

quadrangle is included on the geologic map (plate 1), but 

has been covered by reconnaissance only. Most of the area 

included from the Katahdin quadrangle also has not been 

mapped in detail. 

TOPOGRA H-!Y AND DRAINAGE 

Figure 2 is a simplified map of the topography and 

drainar:e of tbe Katahdin-Traveler area. The major part 

of this area consists of a rugged, isolated mountain mass 

containing three of the six highest mountains in Maine. 
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The maximum relief in the area studied is 4,860 feet. The 

mountains lie entirely between the East 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 Strea.."!l, which rises from Nesowadne­

hunk Lake ( 1,372 ft.). The West 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-northeast along 

the northwestern end of the mountains into Matagamon Lake 

( 65).~ ft.), the largest lake in the area. The East Branch 

flows into the northwest end of the lake a..11d continues 

south-southeast parallel to the eastern flank of the 

·mountains {figs. 3 and 10). A few miles north of the 

mountains, ,-febster Brook flows eastward into the East 

Branch at the head o.f Matagamon Lake. The brook is a 

tributary of the East Branch, but because of the "Telos 

Cut," carries far more water. (See p. 8 ). Most of the 

central portion of the mountains is drained by a large 

tributary of the East Branch, Wassataquoik Stream, which 

rises in The Klondike, a high isolated basin west of Mt. 

Katahdin. 
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The mountain mass is surrounded on all sides by 

much lower rolling land, Perkin's {1925) dissected Moose­

head Plateau (figs. 3 and 4). 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 dissecte4 plateau is 200 feet. The low, 

rolling land of the plateau is almost entirely underlain 

by sedimentary rocks, except for a large area south of 

Mt. Katabdin which is underlain by granite. Igneous rocks, 

where present, usually form hills such as Wadleigh Mountain 

north of '!:'rout Brook.. North and east of the mount8;ins, 

low ridges are typically parallel to the strike of the 

stratified rocks. Because of this, the structure is well 

displayed on some of the aerial photographs, noteably of 

Hay Mountain along the western borders of the Shin Pond 

quadrangle (fig. 5} and of T.6N.,H.9.v. north of • .Yadleigh 

Mountain. 

The mountains form a great lddney-shaped mass 

around the broad upper Wassataquoik Valley (fig. 9). 

This crescent is almost cut in two by the 1000-foot deep 

gap that contains wassataquoik Lake (1,377 feet) {fig. 6). 

The higher mountains of the southern half are underlain 

by granite; the lower ones to the north by felsite. 

The southern group culminates in Baxter Pea\r of 

Mt. Katahdin (5,267 feet}, the highest mountain in Maine, 
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and the dominating topographic feature in the region (fig. 

7). Katahdin is an elongate north-south mass with steep 

sides which on the south rise 4 700 feet above the ~vest 

Branch of' the Penobscot River five r:iiles away. The broad, 

gently rolling top known as the Table Land slopes from 

Baxter Peak to Russell Mountain (2801 feet), almost five 

miles to the north. 1 Hamlin Peak 0~751 feet), the crest 

of a 500-foot hill on the Table Land north-northwest of 

Baxter Feak, is the second highest mountain in the state. 

Former mountain gla~iers have cut numerous spectacular 

cirques into the steep slopes leading up to the Table Land. 

The deepest of these cirques, South Basin, has walls 2,000 

feet high (fig. 8). 

Turner Mountain ( 3323 feet) lies east of T(atahdin 

across a deep north-south valley. On the west, the 

Katahdinauguoh Mountains, also known as the Nesowadnehunk 

Mountains, form a curving mountain wall that almost en-

closes the Klondike and continues north to Wassataquoik 

Lake. North Brother (4,143 feet), the highest peak in 

this group, is the sixth highest peak in Maine. 

The northern group of mountains, known as the 

Deadwater Mountains, 2 is dominated by Traveler Mountain, 

1Regretably the term Table Land is usually 
applied only to that portion of the rolling plateau 
which is above ti~erline. 

2There appears to be no precise delineation of 
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a large sprawlins mass with generally northwest trending 

ridges extending five miles from South Traveler Mountain 

(2677 feet) north-northwest to Little Peaked Mountain 

(1940 feet). 

The hi~hest point in the mass is The Traveler 

( 35L~l feet), which rises 3000 feet above the East Branch 

of the Penobscot River 3. 7 miles away. Other prominent 

peaks along tbe eastern front of the Deadwater Mountains 

are Horse :Mountain ( 1589 feet), with its 600 foot cliff of 

fe lsi te facing Natagamon 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 Mountain is a deep north-south 

valley containing South Branch Ponds (frontispiece) and 

Pogy Notch ( 1200 feet}. This valley, together with the 

valleJ separating Mt. Katahdin from Turner Mountain forms 

a prominent lineament. Tbe mountains west of Pogy Notch 

the Katahdinauguoh, Nesowadnehunk, and Deadwater Mountains. 
The name Katahdlnauguoh has been applied to the entire 
mountain mass between the East and ':lest Branches of the 
Penobscot River, as well as to the range west of Katahdin. 
The na.m.e Nesowadnehunk seems best interpreted as applying 
to those mountains visible from Nesowadnehunk Lake or 
Stream. The na~e, therefore, may have originally included 
Katahdin. The writer, however, is not using it in this 
sense. The name Deadwater Mountains seems best inter­
preted as applying to these peripheral mountains visible 
from Matagamon Lake. (See Thoreau, The Maine Woods, 
arran~ed with Notes by D. c. Lunt, 195rQ, 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 isolated peaks, 

Strickland Mountain (2390 feet) and Center Mountain (2902 

feet) rise above Nesowadnehunk Lake. 

The forest cover ot the region is varied. Average 

timberline on Katahdin is 4000 feet. No other mountain 

in the area except Fort Mountain extends above timberline 

although many have bare, rocky summits. There are densely 

wooded areas of both hard and soft woods, including several 

s.tands ot 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 forest fires 

which burned several hundred square miles in 1884, 1903, 

and 1916. Failure of the forest cover to return accounts 

for the large number of bare summits and the unusual bare­

ness of the southern slopes of many of the Deadwater 

Mountains, (fig. 13). 

In general, outcrops are fairly abundant. Bed 

rock is well exposed along the walls of the cirques of 

Katahd1n, along many streams, around the shore of Matagamon 

Lake, and throughout most or the burned land in the 

Traveler Mountain quadrangle. Outcrops are particularly 

poor on the Tableland, on the wooded slopes of mountains 

underlain by granite, in the upper Wassataquoik Valley, 
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in the vicinity of Nesowa.dnehunk Lake, and low on the east 

tla.nk of Traveler Mountain. Unfortunately, many of the 

important formation contacts are located in these areas. 

CULTURE 

The Katahdin-Travaler area lies within the eastern 
' portion of the Maine Woods. There are no towns, settle-

ments, active farms or paved roads within the area. The 

only through road is the dirt road from Patten to Green­

ville. Because there is a total of only 65 miles of 

driveable road, access to much of the area is difficult. 

The nearest towns are Patten which is 20 miles by road 

from Hay Lake and Millinocket which is 24 miles from 

Avalanche Brook in the southeast corner ot the area. 

The only economic activities are recreation, 

lumbering, and water storage. Most of the area studied 

lies within Baxter State Park, Maine's largest park, which 

included 193,000 acres in 1959. Within the area studied 

the state maintains tour patrolled camp sites open to the 

public from May 15 to October 15. Outside the park, where 

hunting as well as fishing is permitted, there are tour 

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 "out" was in 1955-56 

on land formerly belonging to the Eastern Corporation in 

T.5N., R.low. There are, however, many old tote roads, 

decaying dams, and stumps throughout the area. The open 

fields of Trout Brook Farm, first cleared in 1837, Black 

Brook Farm and McCarty Field are the remains of old hay 

farms~ The East Branch Drive, last held in 1946, was one 

of the moat famous in Maine lumbering history. In 1841 a 

canal, the '11eloa Cut, was dug from .the head of the Telos 

Lake to an old river channel which drains into Webs.ter 

Lake (Barrows and Babb, 1912; Avery, 1937). A dam at the 

foot of Chamberlain Lake brought the large Allagash Lakes 

into the East Branch drainage system. Lumbering in the 

upper ~assataquoik Valley dates back to 1841 (Avery, 1929). 

Reportedly, 30 dams were required to bring saw logs down 

from Wassataquoik Lake to the East Branch. 

The East Branch is currently part of the water 

storage system of the Bangor Hydroelectric Company. The 

company maintains a steel and concrete dam, built in 1941, 

at the foot of Matagamon Lake.3 

3water backed up from the dam has tlooded the 
low-lying, 2-rnile long area, known as the Thoroughfare, 
which formerly separated Matagamon Lake from Matagamonsis 
or Second Lake. At low water, it is again only a 
channel between two lakes. 



9 

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 inaccessibility of all of 

the area prior to 1920 and much of the area at present, 

and because of the absence of adequate base maps until 

1955, all previous geologic work was of a reconnaissance 

nature. Many of the early published accounts of the 

Katahdin-Traveler area are .by geologists or naturalists. 

These early accounts centered primarily upon Mt. Katahdin, 

the outstanding feature of the region, and the rivers, the 

only plausible routes or travel. 

The earliest account of the geology of .Mt. Katahdin 

is by J. w. Bailey (1837), whose party tn 1836 ascended 

the mountain from the West Branch of the Penobscot. Bailey 

reported granite ledges in the West Branch, diluvial 

fossiliferous limestone fragments on the slopes of the 

mountain, and reddish gran1 te on the summit. 

The following year, 1837 1 C. T. Jackson (1838) 

ascended the mountain via Bailey's route and also noted 

that Mt. Katahdin was composed entirely of granite. 4 

4Jackson•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 were 

argillaoeous blue-green slate, siliceous olay slates and 

interbedded "grau-wacke.u 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 not coincide with the fissile layers of slate but dip 

in an opposite direction.n (.!.!?.!.£•, p. 22) 

In 1857, H. D. Thoreau (The Maine Woods, arranged 

with Notes by D. C. Lunt, 1950) reported low parallel 

asymmetrical rock ridges in the vicinity of Grand Pitch 

along Webster Brook. He was also impressed by the 

similarity in appearance between Horse Mountain and Mt. 

Kineo, thus tmwittingly making the first recorded corre­

lation. 

In 1861 a scientific party headed by C. H. Hitch-

cock, geologist, and E. Holmes, naturalist, made the first 

extensive reconnaissance of northern Maine. The results 

or the survey were published the same year along with the 

first geologic map of northern Maine (Holmes and Hitchcock, 

a snow storm. He measured the barometric pressure on 
the summit with a mercury barometer and later calculated 
the elevation to be 5300 feet. This was the first 
attempt to measure the elevation of Mt. Katahdin and for 
many years, the most accurate. 



1861). Hitchcock obtained a commendable grasp upon the 

stratigraphy along the East Branch and Matagamon Lake. 
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He reported trap rock at Pond Pitch and correlated it with 

the trap rock on Lunksoos Mountain. He correctly dated 

the f oss1liferous sandstone at Stair Falls as Oriskany age 

and also dated the fossiliferous limestone at Marble Pond 

(Horse Shoe Pond) as belonging to the "Lower Helderberg 

group of Upper Silurian rooks" (~., p. 403). He corre­

lated the latter with the fossiliferous limestone at 

Ripogenus Lake. Following contemporary concepts (Williams, 

1894), Hitchcock classed the felsite of the Deadwater 

Mountains, as well as that of Mt. Kineo, as hornatone, or 

siliceous slate. Concerning their origin he states, 

nThese slates would seem to be the alteration of the sand­

stone, unless there has been a great dislooation or 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 telsite on Mt. Kineo, and pre­

sumably also ot the Traveler tels1te, although he did not 

specifically refer to the latter (Hitchcock and Huntington, 

1874). 

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 

is composed of gray granite. Hamlin also noted the high 



percentage of xenoliths in certain unspecified portions 

of the granite. M. E. Wadsworth (in Hamlin, 1881) 

described 5 thin sections of the Katahdin granite. 

12 

The discovery by W. W. Dodge ( 1881 and 1890) of 

a Norman's Kill (sic) assemblege of sra.ptolites in black 

shales near the mouth of the Wassataquoik Stream was one 

of the major contributions to the geology of the area. 

In 1933, a further collection was made from the Wassa.taquoik 

locality by E. S. c. Smith. Smith's collection and the 

earli;: r ones by Dodge were studied by R. Ruedemann { 1935) 

who also concluded a Norr.ianskill age. 

In 1905, O. o. Nylander made a number of fossil 

collections from sandstones along t~e East Branch above 

Haskell Deadwater and along Matagamon, ',iebster, and Telos 

Lakes. These collections were studied by J. 11. Clarke 

{1909) who concluded that the entire sequence was of 

Oriskany a.ge and correlated it with the Moose River sa.."'ld­

stone of the Moosehead Lake region. On a geologic map, 

included in Clarke's Memoir, the Deadwater Mountains ar~ 

indicated as being composed of "igneous rocks." 

E. s. c. Smith published a series 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 tillite. 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 Falls. In 1930 Smith published the first paper 

specifically recognizing that the Deadwater Mountains are 

composed of fels i te. 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 

>lebs ter Stream and Perkins' ( 1925) Seboomook ala te. He 

also reported a Niagaran age for the Chesuncook limestone 

of Ripogenus Gorge on the basis of contained fossils dated 

by w. Gold ring. B. Willard ( 1945) further amplified upon 

the palentology of the Chesuncook limestone. 

Boucot (1953 and 1961) unraveled the structural 

and stratigraphic details of the Mooseh3ad Lake region. 

This comprehensive work has been most helpful in the 

present study. The following year, Boucot (1954) demon­

strated on the basis of regional structure and paleontology 

that the Katabdin granite must be of post-Early Devonian 



age. Subsequently, Lyons !! !!, (1957) published lead­

alpha. age determinations or zircon from the Katahdin 

granite at R1pogenus Gorge. They obtained ages of 316 

and 320 million years. 

Field mapping is currently in progress or bas just 

been ·completed in the following three adjoining Quadrangles: 

Harrington Lake, Andrew Grieco.ti, u. s. Geol. Surv.; Shin 

Pond, Robert Neuman, u. s. Geol. Surv.; and Spider Lake, 

Bradford Hall, Yale University._ . Neuman (1960) has 

published a brief sumro.ary ot the pre•Silurian stratigraphy 

of the Shin Pond /and Stacyville quadrangle a. 

REGIONAL GEOLOGIC SETTING 

The Katahdin-Traveler area, .north-central Maine, 
. . ~ . 

is part of the northern_ Appalachi~n Mo!lnta!n ~ystem (north 
. ' 

of New York City) in which the· -~t.ratlfied rocks are folded 

and are predominately or .Paleo'zo1'c age.·· In northwest and 

north~central Maine, the stratified rocks are a hetero-

geneous' sequence or elastic sedimentary rocks and volcanic 
4 \< . ' ., 

rocks, interbedded with minor c·arbonate rocks. There is 
, ~· • ~ • :r , , ' 

some evidence that the older r~cks were attec ted by the 

Taconic Orogeny. (See Bouoot, :i961).': ~ost · of the 
. , .. ' 

conspicuous structural features,· however, are the result 
.: .: 

of .the Aoadian orogeny, which is thought to have occurred 

in this region 1n the Middle D~~onian (Boucot, 1954). In 
.. " ,, 

a very general way, the structural features produced by the 



:~ 

'" '; 
'!· . " •' 

" '' 

', 

'! 

so 

68• 



I 
I 

4s•oo' 

69• oo' 

0 

ScroQQI)' 

La•t 

,, 

~6· 

I 0( 

1
45·:~~~~10"'~~~~~~~~~~~~~~~~~...::.5~9~•~0~0~'-!:t:-~~~~~~~~~~~~~~~~~~~L_~~~~~~s-e-•14_5_'~~~~~~.J..~6-a~•::

5 

FIGURE 2 

TOPOGRAPHIC FEATURES OF THE KATAHOIN-TRAVELER AREA, MAINE 

WILES 

CONT OU ill IHTflh'.U .. aoo FE£ T tLOW(ST CONTOUA LINE At 400 f"E[TJ 



i~'i[;ure ~'S. ·J:he aiS:ected !'.OOS€ ;-,J.ver ?latea.u and the Valley 
of the East Branch .?enooscot River seen ~·rom Bald 
?i.ountain, lookint; ea.at. 1::.'he Oxbmr on the .Ee.at ::ranch is 
visible in the middlegr·ound. 

?it;ur'e 4. The dis:ected tJoose Hi ver Plateau and Ne.sowadnehunk 
Lake seen from .Strickland Mountain, looking southwest. 
Much of the lower ele11atlons are underlain by sedimentary 
rook. The major mountains are, left to right, ~ig Spencer, 
Little Spencer, and Soubunge. Big Spencer and Soubunge 
are held up by f'elsi te of t,ie same age as the Traveler 
fels i te .. 



18 

Figure 5. Aerial photograph showing low ridges parallel to 
the strike of rocks of the Mata.gamon formation on Hay 
Mountain. North is to the top of the page. The bodies 
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 ~rap around the 
northeast end of Hay Mountain basin in the upper left. 
Approximate scale, 1:31,680. 





.t''igure 6. Wassataquoik Lake, lookin,; west. The whiter 
crops in the far let't distanGe are Katahdin granite. 
large cliffs in the left center are the ?og;r member, 
Traveler felsite. 

out­
The 

Figure 7. i:'.ount I·\atahd.in from South I'ur:qer Mountain. Pamola 
and Baxter Peak are on the left, ~amlin Peak is on the 
right. 'i1le cirques visible in the picture from left to 
right are South nasin, Great Basin, and Hort;h Basin. 
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Figure 8. 
Headwall of South 
Basin, Mt. Katah­
din from Chimney 
Pond (2900' ) • 
Baxter Peak 
(5267 1 ) at right 
edge of photo­
graph. The zone 
in which xeno-
11 ths are abundant 
is near the 
bottom of the 
outcrops. Ab9ve 
this zone, the 
granite is the 
?amola .facies. 

>'igtu•e 9. X'.t. '.'~a ta.hdtn from ?innacle Ridge, Traveler 
r.rountain. In the n;i.ddleground is the broad upper 
valley of the Wassataquoik Stream. 



Figure 10. The Deadwater Mauntaina: The Traveler, Bald 
Mountain and 81llfish .ffounta1n from Grand Lake Darn at the 
foot of Matagamon Lake. 1"he East 3ranch of the Penobscot 
River is in the foreground. North Traveler Mountain shows 
over the right shoulder of !31llf1sh Mountain. 

Pigure 11. The Deadwater lilountains: Billflsh ~;·iountain, 
Bald Mounts.in and North •rraveler Mountain seen from 
Wadleigh ;·fountain. 



I'igure 12. norsc 1,;cuntain .t'ro.:n tb.,.s cabin near ~:rand. Lake 
Dam, showing 600 foot cliff of felsite. The ?.iatai;amon 
formation is 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 synclinorta and 

anti.clinoria. 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 axis 

of the synclinorium strikes east-northeast, paralleling 

the valley of Trout Brook, and plunges slightly southwest. 

This s:rnclinorium, called the :Matagamon syncllnorlum is on 

striice with the better known Moose River synclinorium 

situated some ~.O to 50 miles to the southwest. 

Falsie volcanic rocks in the Moose River synclinorium 

rest upon marine sediments of Oriskany age (Boucot, 1961). 

These felsite bodies are relatively small and have never 

been studied in detail. Marine sediments of Schoharie age 

overlie the felsite (Boucot, oral communication, 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 Lower 

Devonian sediments which overlie the felsite apparently 

Were deposited in a brackish-water, near-shore environNent. 

Along strike to the northeast of Traveler Motintain the 

nearest sediments of Schoharie age occur in the Matapedia 

Valley, Quebec, about 170 miles distant, and contain marine 

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

PURPOSE ~ SCOPE OF STUDY 

The primary purpose of this study is to determine 

the stratigraphy and structure of the Katahdin-Traveler 

area and to prepare a geologic map. At the outset of the 

study, no detailed mapping had been done in northern Maine 

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 scale of 

an inch to a mile, of a. nearly continuous belt from New 

Hampshire to the New Brunswick border. 

Included in the Katahdin-Traveler area is probably 

the largest and thickest felsi te 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 or the present study is centered upon these f elsites 

which include both lava flows and welded ash flows. To the 

writer's knoi-1ledge, this is the first field st1},dy of welded 

ash tlows in the eastern United States. 

A portion of a granite batholith occupies a 

considerable part of the southern portion of the Katahdin­

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

major features of the granite are covered in this report. 

METHOD .QE. STUDY 

Field work in the Katahdin-Traveler 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:)1,680 

and 1:15,840) served as field maps. Unfortunately, during 

the first two summers of mapping, only preliminary editions 

of the Telos Lake and Traveler Mountain quadrangles were 

available. The provisional edition, ~ith 50 foot contour 

intervals, of the Telos Lake quadrangle became available 

in the summer of 1957. It was less than satisfactory for 

mapping in that wooded terrain of low relief. The final 

edition, with 20 foot contour intervals, was not available 

until the fall of 1960. Various combinations of topographic 

maps, aerial photographs, and an aneroid 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 suggesting 

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, especially upon the plagioclase phenocrysts of 

the felsite, and a considerable a~ount of X-ray diffraction 

study of both minerals and rocks undertaken. Three chemical 

analyses were made by J. Ito of Harvard University. 

LOCATION OF POINTS 

When desirable to refer to sample or outcrop 

locations and topographic names are inadequate, the system 

of locating points is modified from that of J. c. Green 

(1960)• Each five 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 

letter symbol is prefixed by other letters, the point in 

question is in one of the other q~adrangles. The prefixes 

used are as follows: TL for Teles Lake, SF for Shin Pond, 

and K for Katahdin. Numbers following the letter symbol 

give the location of the point in tenths of inches east 
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from the west edge of' the ninth, and, a.fter a hyphen,, 

tenths of inches north from the south edge of the ninth. 

For e.xara.ple, the location of the Forest Service Camp at Hay 

Lake, west-central ninth of the Shin Fond quadrangle, is 

SP«vC 14-31. Where more precise locations are desired,, a 

third digit representing hundreths of an inch is used. The 

sample numbers, prefixed by either KT or KR, should not be 

c~nfused with the location symbol. 

ACKNO:JLEDGSKEN'rS 

The writer wishes particularly to thank Professors 

Harland P. Billings and James B. Thompson of Harvard 

University under whose guidance this work was carried out. 

They both freely contributed advice and criticism, and 

their aid is reflected in all aspects of this study. 

Dr. Robert Neuman and Andrew Griscorn of the U. s. 

Geological Survey, mapping in adjacent aroas, contributed 

many valuable ideas in discussions or mutual problems. 

Prof0ssor Arthur J. Boucot of the Massachusetts Institute 

of Technology furnished insights into questions of the 

regional geology of Maine. Neuman,, Boucot,, Profe~rnor 

Erling Dorf of Princeton University, Dr. Jean Berdan of 

the u. 3. Geological Survey and Professor Elso Barghorn of 

Harvard University very kindly ax.amimd fossils from the 

ICatahdin-11raveler area and contributed much needed 

paleontological knowledge. Dr. Robert L. Smith and Roy 



Bailey of the u. S. Geological Survey gave helpful 

suggestions on the identification ar:d origin of welded 

tuffs. 

28 

Summers of field wor!i: were made easier and more 

enjoyable by the assistance of William Powers, William 

Sabin, and my father, Carls. Rankin. Numerous fellow 

graduate students, by their criticisms both acid and base, 

provided much s timula ti on and many helpful ideas. 

The Department of Mineralogy and Petrography at 

Harvard University supplied the thin sections studied and 

chemical analyses by Dr. Jun Ito. Field expenses incurred 

durin~~ the surnmers of 1955, 1956 and part of that of 1957 

were defrayed by gr1-m ts from the Robe rt W. Sayles Fund for 

Field Geology at Harvard University. Thanks are also due 

the Maine Geological Survey for assistance received while 

the author was in its employ durinz the summer of 1957 and 

part of 1958. Frequent use was made of variru.s equipment, 

particularly aerial photographs, kindly provided by 

American Smelting and Refining Company. Helpful assistance 

was also received from the Appalachian Mountain Club. The 

supervisor of Baxter State Park, Helon Taylor, and the 

park rangers frequently gave much appreciated personal aid. 

Great Northern Paper Company and Bangor Hydroelectric 

Company generously permitted the use of their private roads 

and camps ln the area. Laboratory research after the 



29 

completion of field work was most materially aided by a 

grant from the Committee on Natural Sciences at Vanderbilt 

Universl ty for the purchase of a research model petrographic 

microscope and an Abbe refractometer. 

The hospitality of the local people was evor 

appreciated. In particular, warm thanks are extended to 

Pat and Mildred Steen of Grand Lake Dam and Robert and 

Dorothy Laverty of Millinocket whose friendship and 

interest did so much to make the summers pleasant. 

Finally, the author wishes to express his deep 

gra ti tu de to his wife, Mary Louise, who served ably as 

his field assistant for one full summer and parts of two 

others, did much of ,the drafting, helped to improve the 
·'> 

literary style of the manuscript, and gave encouragement 

throughout the course of the study. 



GENERAf_, STATEMENT 

CHAPTER II 

STRATIFIED ROOKS 

With the possible exception of some mafic dikes, 

all of the rocks in the Katahdin-Traveler area are of Lower 

and Hiddle Paleozoic age. The rocks include a thick 

sequence of volcanic and elastic sedimentary rocks that 

has been intruded by the post-Acadian Katahdin granite, 

f ormins 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-Ordovioian, 

Ordovician, Silurian, and Devonian systems. Fossils have 

been found within the area studied in the Silurian and 

Devonian aediMentary rocks. Fossils of questionable status 

have been fo.und in the Cambro-Ordovician rocks, and the 

Ordovician rocks are dated by correlation with fossiliferous 

Ordovician roclm in adjacent areas. Included among the 

stratified rocks are elastic sedimentary rocks (pelites, 

sandst'Jnes, ar.d conglomerates), very minor calcareous 

sedimentary rocks, basalts, and felsites. These rocks have 

been assigned to seven mappable units of formation rank. 

The sedimentary rocks are within the chlorite zone of 

regional meta~orphism. 
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A generalized stratigraphic section is presented 

in table 1. The type local! ties of all but the Seboomook 

for~Ation are found within the Katahdin-Traveler area. 

The Traveler fels1te, which is the thickest 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" FOR¥ATION 

NAME: RuedewAnn and Smith (1935, p. 354} proposed 

the name Grand Falls formation for the thick series of 

slates and sandstones nexposed for several miles along the 

Grand Falls of the ~East Branch of the_l Penobscot River 

in Penobscot County." The usage of "Grand Fallsn to refer 

to the co:-11bined series of five major f'alls of the East 

Branch in T. 5 N., R. 8 w. is conf'using because one of' the 

five falls is named Grand Pitch {f'ig. 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 Pitch) and because, as Neuman 

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

DISTRIBUTION: The "Grand Fallsrt formation crops 

out over several square miles in tr~ southeast portion of 

the area studied. Excellent exposures are to be found 



Age 

Rarly 
Devonian 

~~arly 
Devonian 

Table 1. Stratl~_~raphlc Sequence in the Katahdin-Truveler i~reu, r'iaine 

Name 
Nortf1--of . -T Southeast of 
Trout Brook I Trout Brook 

Trout Valley 
formation 

Desc1~i.ption 

Dtv: l:ir;ht-blue-'.jray to black shale, 
siltstone, and lithic gruywacke; 
grarm le a.nd pe br; le fe ls i te c onglom­
erate; some sideritic ironstone. 

Dtvg: Gifford cont~lomerate lentil; 
cobble and boulder felsite conglom-
erate with very minor litbic gray-

Thickness 
(in feet) 

1500+ 

wacke and black shale. -·---- . .;;..__ ____________ _ 

Traveler 
fe lsi te 

Matacamon 
formation 

UNC:Ot-!fi'Om'lITY 

Dense, flinty, darh:-b luish-gray, 
dark-f~reenish-gray or black f'e 1-
site containing a few percent 
small ~henocrysts. 

Dtfb: Black Cat member; plagioclase, 
bi oti te, and c llnopyroxene pheno­
crys ts; mostly lava; minor welded 
tuff' and laminated tuf f. 

Dtfp: Pogy member; quartz, plagio­
cluse, and altered mafic silicate 
phenocrysts; mo~tly welded tuff, 
minor lava uncl tuff. 

Dm: Medium-bluish-gray or medium­
grcenish-~ray, rusty weathering, 
very flne- to me di um-crained 
sandstone, comP1onl:r cross­
larninated interbedded with minor 
cl artcer slat o. 

0-
9000:!: 

o-
L~5 oo:!: 

VJ 
I\) 



Age 

Early 
Devonian 

Silurian 
(some late 
Silurian 

Middle(?) 
31 lurian 

Sarly 
Silurian 

Table 1 {Continued) 

Name 
North of I Southeast of Description 
Trout Brook Trout Brook 

- - ---· -- -
Ds: Graded beds of medium- to dark-

Seboomook bluish-gray slate and very-fine-
fo1•ma t ion c;rained, light-gray 11 thic gray-

wacke; slate predominates. 

Silurian, Su: Greenish-~r·ay siltstone, green-
undifferen- stone and fossiliferous red and 
tiated :-;re en tuf f. ' 

Clean, lig11t-gray, coarsely 
Limestone crystalline limestone. Not found 

in outcrop. 

Carbonate- Scs: Thin bedded, light-blue-gray 
rich silt- calcareous and/or dolomitic silt-

stone stone; some roe l-rn contain 
calcareous nodules. 

Skbh: Haskell Hock conglomerate; 
massive pebble and boulder con-

Kimball glo1_nerate. 
Brook Skb: gra::'l and greenlsh-gruy slate, 
formation siltstone, and lithic graywacke 

intercalated with tbin beds of 
conglomerate and sla to-chip 
breccia; some calcareous double 
c on'',lomerate 

UNCOUF'ORMI'I'Y 

Thickness 
(in feet) 

4000+ 

? 

? 

-
300:!: 

+ 
2500-

\.;.) 
\.;.) 



Age Name 
Nortl1 or 
Trout Brook 

Middle 
Ordovician 

Cambrian 
or 

Ordovician 

I 

Table 1 (Continued) 

Southeast of' Description 
Trout Brook 

Pond Pitch Opp: Dark-greenish-gray olivine 
basalt basalt; rare pillow structure 

-

UNCONF'OflMITY 

"Grand Cgf: Interbedded slates and 
Falls 11 qu~rtzttes of maroon, greenish-

formation gray, and black colors; minor 
dark-colored grits. 

Thickness 
( i.n feet) 

2000± 

? 

VJ 
+:-



Figure 13. oore su.."Tlln.1ts and south slopes of the :i)eadwater 
!iountains are the result of forest fires which occurred 
in 1884, 1903 and 1906. big Peaked !fountain is in the 
foreground, 'frout ~rook ;~1ountain and Matagamon Lake are 
in the middlesrot"'..nd.. l"low uni ts are visible w1 thin the 
felsite on the mountains. 

ii'i:.mre 14. Upoer South Rranc'h. .?ond from t~:,.e ridge of Worth 
-Traveler Mountain. ~t. Vatahdin is in the background. 

An outcro;> of t'Je Blacl·: Cat member, I'raveler .felsite 
is at the left. 
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along the East Branch from just below Pond Pitoh
1 

to the 

southeast corner of the area studied, in the gorges of 

Bowlin Brook below Bowlin Pond, and along the lower portion 

of Big Spring Brook. 

DESCRIPTION: The "Grand Falls"- formation consists 

or interbedded maroon, greenish-gray, gray, and black 

slates and quartzites that are tightly folded and steeply 

dipping. There are alao minor dark-colored grits. Most 

of the rocks are thin-bedded (fig. 15). Both cross-bedding 

and graded bedding are present on a small scale. Graded 

bedding is the more common. Cleavage is well developed in 

the slates and thin quartzite beds are typically boudinaged 

(fig. 16). 

Greenish-gray slates and qµartzites are probably 

the most abundant rocks. The green slate contains quartz, 

plagioclase, muscovite, biotite, chlorite, and opaques. 

The quartzites typically contain quartz ve1nlets. Some 

of them contain slate chips or partings. Maroon slates 

and quartzites are interbedded with greenish-gray rooks 

along tbe East Branch between Grand Pitch and Big Spring 

1The locations of most of the falls or pitches 
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 Falls ---correctly shown 
"Lower" Stair Falls ---EC 28-02 
Haskell Rock Pitch ---SE 33-505 (below Haskell 

Deadwater) 
Pond Pitch ---SE 38-45 
Grand Pitch ---SPSE 02-405 
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"1.;t11re 15. Sterc:nl;' d.i;:>Din-: bPds o:~· t':1e "Grand :-ull.::i 11 
•
0 or..o 

r:1ation at Grrtnd Pitcb. on t.'ne Ea~t :::,ranch Penobsc:Jt '2:tyer. 

!96! .lVJ'l 

i 

• 
Figu.re 16. 

nGrand _:<'alls" 
for•ma ti on shO\ving 
bou.dinag0d 
quartzite beds 
and well-developed 

cleavage in the 
elates i::mrallel 
to the bedding. 
Above Grand 
?itch, East 
3ranch of the 
Penobscot River. 
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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 

Fitch 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- diffraction. Amorphous carbon 

1-iould also probably not be detectable by X-ray diffraction. 

Some of the grit is feldspathic and rusty weathering. 

T3:ICKNESS: The base of the "Grand Falls 11 formation 

is not exposed within the Katahdin-Traveler area. Because 

of the tight folding in the roe ks and the lack of strati­

graphic detail, it is 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 11 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 tm massive basalt and the 

underlying thinly bedded quartzites and slates to the 

Taconic and Acadian oroGenies. 

Neuman (1960) has found that the "Grand Fallsn 

formation covers a considerable area in the Shin Pond 

quadrangle. On Sugarloaf Mountain and in Shin Brook 

(center ninth of the Shin Pond quadrangle), volcanic 

con~lomerate, graywacke and fossiliferous tuffaceous sand­

stone intervene bet ween the basalts and the 11 Grand Falls" 

formaticn. Nemnan interprets the-volcanic conglomerate 

which contains quartzite pebbles as further evidence for 

an angular unconformity between the rrGrand Falls 11 formation 

and the overlying basalt. 

AGE: Smith (1928) reported finding the fossil 

Oldhamia, a presumed calcareous alga, in red slates of the 

"Grand Falls n formation. Toppan (1932, p. 72) refers to 

the locality as "immediately below the Grand Falls in 

T.5R.8." B. F. Howell examined Smith's specimens and 

sur;gested trat they might be Oldhamia (Murchisonites}, 

cf. occidens, indicative of the Lower Cambrian. A. J. 

:Soucot (oral communication) states that the status of 

Oldhamia as a true fossil is questionable. Such precise 

dating based only upon Oldhamia seems dubious. 

The ''Grand Falls 11 formati en underlies with probable 

ansular unconformity the fossiliferous tuffaceous sandstone 



40 

from Sugarloaf Mountain and Shin Brook. Neuman (1960) 

reports that the tu.ffaoeous sandstone contains an assemblage 

of fossils that suggests early Middle Ordovician age. The 

"Grand Falls" formation is thus pre-Middle Ordovician and 

could be Cambrian. It is tentatively assigned a Cambrian 

or Ordovician age. 

ORDOVICIAN 

POND PITCH BASALT 

NA:ME: 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 Pitch basalt is believed 

to form a belt about one half to three quarters mile wide 

in the southeast corner of the area. The belt ls roughly 

parallel to the East Branch and, except where it extends 

a short distance across the river at Pond Pitch, lies 

entirely to the west of the East Branch. The basalt has 

been found in outcrop only on the East Branch between Pond 

Pitch and Haskell Rock Pitch and on the sharp hill betwaen 

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 Pitch basalt is believed 

to be continuous with basa 1 t to went of' the East Branch 

in the Stacyvill~ quadrangle. In that area basalt was 

found on Lunksooa 'Mountain by Hitchcock (1861) and on 

Deasey Mountain by Neuman and the author. 

DESCRIPTION": The basalt is dark greenish gray and 

most of it is without discernable structure. In a few 

places, however, structures resembling pillows have been 

observed. This pillow structure is not clear enough to 

indicate the direction of the tops. Much of the basalt is 

very fine grained, but in some, plagioolase laths, dark 

pyroxene, greenish olivine, and pyrite are visible. Most 

of the rock fizzes slightly under dilute HCl. 

A partial analysis of specimen KT-189, basalt from 

the sharp ridge northwest of Pond Pitch (SE 35-57} 1s as 

follows: 

MgO --- 6.0% 

cao --- 8.8 

Na
2
o 2.7 

K2o 0.13 

The analysis was made through the courtesy of A~drew Griscom 

by Paul L. D. Elmore and Samuel D. Botts, u. s. Geol. Surv., 

and appears in Report No. IRC-172 under Lab specimen No. 

149749. The rock is a typical basalt except that it is 

very low :i.n K2o. 
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UPPER AND LONE:R CONTACTS: As stated in the previous 

section, the Pond Pitch basalt probably overlies the "Grand 

Fallsn forms.tion with an angular unconformity. It is also 

believed 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. 

Further, the basalt has not been found northeast of the 

East Bra.1ch. Along Bowlin Brook east of Kimball Pond, 

Silurian con~lomerates rest directly upon red slates of 

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

cation). 

THICKNESS: The inferred breadth of outcrop of the 

Pond Pitch basalt is between one half and three quarters 

of a mile. The greatest possible thickness of the formation 

(if it were vertical) would, the ref ore, be about 4000 feet. 

It is probably considerably less than this. 

COR...tU.:LATION: The Pond Pitch basalt is believed to 

be part of a continuous belt of basalt roughly parallel 

with the ~a~t Branch extending as far south as Hunt 

Mountain. (See Neuman 1960). It is also probably equiva­

lent to tl:e basalt (greenstone) on Sugarloaf Mountain. 

AGE: In the Stacyville quadran~le greenstone that is 

probably continuous with the Fond Pitch basalt has been dated 

by Neuman {1960) as Middle Ordovician. The black cherts near 
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ths mouth of the Wassataquoik stream which contain grapto­

li tes of Normanskill age (RuedeCTann and Smith, 1935, and 

Feuwan, 1960) are believed to overlie the greenstone. On 
--i 

Sugarloaf Mountain tuffaceous sandstones, which contain 

fossils of probable early Middle Ordovician age, underlie 

the greenstones. 

SILURL\N 

KIY..IBALL BROOK FOffi.1ATION 

NA.i.\'fF: The interbedded slate, siltstone, lithic 

graywacke and conglomerate exposed 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 sandstone with 

greater than 15 percent clay or silt matrix and containing 

rock fragments in excess of feldspar. The massive pebble 

and cobble Haskell Rock conglomerate (a name used by Smith, 

192Sa, p. 65) occurs in the upper portion of the formation. 

Haskell Rock is the name of a large pillar-like erosional 

remnant of conglomerate in. the river hed of the East Branch 

at the falls to which it gives its name (fig. 17). 

DISTRIBTJTIOU: The Kimball Brook forl.11ltion forms 

the major part of the belt of Silurian rocks that crops out 

from the East Branch northeast to the Bowlin Pond Road. 

The lower, more heterogeneous, portion of the formation is 



?:L;711re 1'7. Haslrnll Hock at .'.fo.skell i(ook Pitch, Last 8!"a.noh 
'ot the hmoo2cot 1~i·\1'e:c. }ype l'.)c:&llty ai' the :~e.skell 
Hook conr;lomerate. 

:;ipire 1;3. nip surface- of' th€ Seborrnrook f'or.rr;nt!.on, first 
large hogback ridge north o!~ ;;oody Brook ( :'iG 2·J- ·_125). 
'2ne surfs.ce in thP picture h~s ~ vert:lcs.J. r~lief of 
about 50 feet. 
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exposed along Kimball Brook and the high bluff southwest 

of the brook, and in scattered outcrops in terru.pted by 

faulting along the East Branch between Pond Pitch and 

Haskell Rock Pitch. 

Excellent exposures of the Haskell Rock conglomarate 

are found at the type locality, Haskell Rock Pitch on the 

East Branch, on the 1017 root hill northeast of Haskell 

Deadwater, and in the wooded hummocky terrain just east of 

the Bowlin Pond Road. A hornfelsed conglomerate, believed 

to be the Haskell Rock conglomerate, crops out close to the 

Katahdin granite about three~quarters of a mile northeast 

of Hathorn Pond in the southeast corner of the Traveler 

Mountain quadrangle. No outcrops of any kind have been 

found between this locality and the imnediate vicinity of 

Haskell Rock Pitch• 

DESCTIIPTION: The lower more heterogeneous por•tion 

or the Kimball Brook formation consists of medi~~ to dark-

gray and greenish-gray s :IA te, siltstone and li thic gray-

wac ke intercalated with thin beds of c onglornsra.t e. Sor.J.e 

conzlomerate beds consist primarily of milky quartz pebbles 

or dobb les s.et in an argillaceous ma. trix. Others more 

properly called slate-chip breccia consist primarily of 

angular fragments of gray, greenish-gray and black slate 

set in an argi llaceous or silty matrix. Many of these 
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slate-chip breccias could be intraf'ormational breccias. 

At a number of localities tossi 1 .fragments have been .round 

in the matrix of the slate-chip breccia. Other conglomerates 

consist of a mixture of milky quartz pebbles and slate 

fragments. Graded bedding is commonly observed in the 

siltstone and lithic 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 

Pitch basalt, however, a fossiliferous calcareous "double 

conglome_rate" occurs with slate-chip breccia, slate, silt­

stone and lithic graywacke. This "double conglomerate" 

consists of calcareous conglomerate lenses or cobbles set 

in a matrix of slate which may also be calcareous. The 

calcareous lenses or cobbles contain slate fragments and 

a.re thus, themselves, c onglomerat es. 

The lower portion of the Kimball Brook formation 

is believed to grade up into the Haskell Rock conglomerate 

as the percentage of conglomerate increases. 

The Haskell Rock conglomerate ls unsorted, contain­

ing fragments of all sizes up to boulder size set in an 
\. 

argillaceous 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 diorite, 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. s. C. Smith (1928a} suggested that the Haskell 

Rock conglomerate might be a tillite. The fact that the 

conslomerate is cross-bedded, that fossil brachiopods have 

been found in its matrix, and that it is interbedded with 

other sediments of the Kimball Brook formation makes it 

necessary to reject this interpretation. 

In the vicinity of the Katahdin granite near 

Hathorn Pond, cordierite is present in the matrix of the 

conglomerate. 

'I'HICKNESS: Along Kimball Brook, the Kimball Brook 

formation has a total thickness of the order of 2500 feet. 

The Haskell Rock conglomerate probably constitutes about 

1200 feet of this thickness. 

\ 
AGE: Fossils were discovered in the slate-chip 

breccia 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 fossil 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 heliolitid, a group that 

ranges through the Silurian into the Lower Devonian (R. B. 
2 

Neuman, written communication, March, 1961). The Kimball 

Brook formation is, therefore, believed to be of Early 

Silurian (Uppermost Llandovery) age. 

2Twenty-five feet downstream from (stratigraph­
ically beneath) the southernmost exposure of the "double 
conglomerate" is a slate-chip breccia. One hundred 
and ten feet northeast from and on strike with this 
slate-chip breccia is another outcrop of slate chip 
breccia, presumably the same bed as the first. Fossils 
were collected from this second slate-chip breccia 
locality in September 1959 and sent to A. J. Boucot 
for study. Bouoot (oral communication) has identified 
the following fossils: 

Sowerbyella sp. 
Leptaema. 11 rhomboidalis" 
dalmane liida 
Hesperorthis? sp. 

Fardenia? sp. 
Catazyga sp. 
Clams 
Strophomena? sp. 

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

The slate-chip breccia is identical with 
others associated with "double conglomerate" further 
upstream. and also with the slate-chip breccia o.f 
Early Silurian age from Kimball Brook. Before any 
revision of the present stratigraphy is undertaken, 
the authorh10uld like to revisit the field. 
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CARBONATE-RICH SILTSTONE 

NAME: Carbonate-rich siltstones overlie the -
Haskell Rock conglomerate at a few local! ties in the eastern 

portion of the Katahdin-Traveler area. These siltstones 

differ from each other in mineralogy and appearance. 

Because they have not been studied in detail, are poorly 

exposed, and are being more thoroughly studied by R. B. 

Heuman in the Shin Pond quadrangle, they have not been 

given a stratigraphic name. 

DISTRIBUTION AND DESCRIPTION: Carbonate-rich 

siltstone is exposed at the upper end of Haskell Rock 

Pitch, on both shores of Kimball Pond, and on a small hill 

just west of the Bowlin Pond Road (SPWC 115-155). 

The frosh rock is 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 

be laminated (less than 1 cm). The classification of 

bedding used in this report is that of McKee and Weir as 

modified by Ingram (1954}. Thin sandy seams may be present. 

At Haskell Rock Pitch the carbonate mineral is calcite; at 
~ 

Kimball Pond, the carbonate mineral is dolomite, and at the 

Bowlin Pond Road, both calcite and dolomite are present. 

The carbonates have been identified from X-ray diffraction 

patterns. 
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At the Bowlin Pond Road and at Haskell Rocle Pitch, 

some of the carbonate-rich siltstone contain calcareous 

lenses and nodules as much as a foot across. These nodules 

are typically concentrated along certain bedding planes. 

Thay weather more easily than the matrix. Thus an exposure 

is characteristically dotted with large pits in a roughly 

planar arrangement. Small. pyrite nodulss occur in the 

carbonate-rich siltstone at Kimball Pond. 

At Haskell Rock Pitch the carbonate-rich siltstone 

is interbedded with minor pebble and cobble conglomerate 

similar to that found in the Haskell Rock conglomerate. 

There are also thin irregular laminae of granule-size or 

sand-size calcareous slate-chip "breccia" in the carbonate­

.rich siltstone. 

THICK.NESS: The oarbona te-rlch ai ltstone at Kimball 

Pond is 200 to 300 feet thick. 

AGE: The carbonate-rich siltstone overlies the 

Haskell Rock conglomerate believed to be of Early Silurian 

age. Similar 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 is probably Wenlock. 

Moore (1958, p. 171) equates, in part, the Niagaran 

(Middle Silurian) to the wenlocklan. No £oss1ls 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 Silurian 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 fossiliferous, 

clean limestone occur scattered along and above the steep 

northeast bank of the East Branch just below the main falls 

of Haskell Rock Pitch (roughly at the "RI 11 in "River" on 

the Traveler Mountain quadrangle topographic map). The 

limestone boulders ala o occur resting on probable outcrop 

of conglomerate in the small valley extending north from 

the river just west of "RH 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 Silurian and stratigraphically above 

the carbonate-rich siltstone (see above). Limestone of 

Niagaran age also occurs in Ripogenous Gorge on the West 
~ 

Branch of the Penobscot River, Harrington Lake quadrangle 

(Willard, 1945). 

SILURIAN UNDIFFERENTIATED 

Reconnaissance, in the company of R. B. Neuman, 



52 

along the logging road northwest of Morrell Pond has 

revealed greenish-gray siltstone, greens tone, and red and 

areen fossiliferous tuff at the northern border of the -.:.J 

Traveler Moun ta in quadrangle. A second and f lnal 

r,sconnaissance trip to the north by the author has revealed 

s'imilar rocks further to the west on the town line between 

T. 7 N., R. 10 W. and T. 7 N., R. 9 ~·J. (NW 23-03). These 

rocks, perhaps because of the grcenstones, show up as a 

magnetic high on the aeromagnetic map of northern Maine 

compiled by Boucot, tl al (1960). The C'.:Jntact of these 

rocks with the overlying Seboomook formation ha.s been 

inferred from.toposraphy and from the aeromagnetic map. 

Fossils were found in the tuff on a low sharp hill south 

of the road about one half mile west of the Piscataquis 

C:ounty line (NE 01-41+5). These have been dated by Boucot 

(oral c ommunic uti on, March, 1961) as Late Silurian (Lower 

Ludlow). 

DEVONIAN 

SEBOOMOOK FORMATION 

NAME: Perkins (1925) proposed the name Seboomook 

slate for the !nterbedded dark-colored sandstone and pyritic 

slate that crop out at Seboomooki)am on the 1lest Branch of 

the Penobscot River (fig. 1). Boucot (1961) revised the 

name to Seboomook formation because dar-k-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 regions of the Katahdin­

Traveler area. To the east, the Seboomook formation 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 forms. tion is much folded and 

crops out in a broad east-we~t belt occupying the relatively 

low area between the felsite hills on the south and the 

range of hills held up by Silurian volcanic rocks at the 

northern border of the Traveler Mountain quadrangle. 

Exposure is excellent along the ·shore of Matagamon Lake, 

a.long Webster Brook (fig. 20) and in the rrugh terrain of 

low relief between Frost Pond and Boody Brook (fig. 18). 

In the Telos Lake quadrangle the Seboomook formation 

occurs west or the felsite mountains at the edge of the 

area studied. Outcrop in this area is extremely poor; the 

only known outcrops are along the North Branch of Trout 

Brook. Reconnaissance along a road recently constructed 

by the Great Northern Paper Company suggests that the out­

crop area or the Seboomook formation extends as far north­

west as Telos Lake (fig. 2) • It is believed that the 

western area of the Seboomook formation is 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 felsitte. 



~'i~;u!:'e 18. ·Jrnn'.5. Ptt~h on th<': l:a~"; :·ra.nr.."1 of' th.0 ?enohscot 
Hive.r, belJ::;· ,.atA.,SG:-0'.)n .:,e.ke, ~he rocks n:re st~.J,pl:;r 
dip:;:>1ns slates aµd q~12.rtzites of the 11 C1rand · alls!I formation. 

:-,igJ.:re 20. ,·'for~:e c·1t in the :~;cboom.;')ok T':n·~-'ati:1n belo1: '.zra.nd 
Pitch, ';·;cos ten~ :~ro·.)l:·, s.bove ;,;stagamon I.a1ro. [~ec.Cing dips 
about 30° t~ t'.1c: let"t (sout'.1). 
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On the border of the Traveler Mountain and Telos 

Lake quadrangles, the Seboomook formation may underlie 

the topographic low that is rimmed by Center, Strickland, 

McCarty, Lord, and Wassataquo1k 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 .t'els1te., and because 

there is an ou.tcrop of blue-gray, slightly calcareous slate 

at an elevation of 1700 feet on the northwest side of 

::/assataquoik MQuntain (SW 10-14), it is believed that this 

basin is underlain by sedimentary rocks. The slate does 

not closely resemble any other f orma t1on in the Katahdin­

Travaler area. but 1 s most similar to the slate of the 

Seboomook formation. 

DESCRIPTION: The Seboomook formation consists pre­

dominantly of medium- to dark-bluish-gray slate 1nterbedded 

with minor lighter bluish-gray, very-fine grained lithic 

graywacke. Typically, the slate and 11thic graywacke form 

a monotonous sequence of graded beds. The graded bedding 

is 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 or the basal sand to the upper silt 

and clay varies considerably, but typically ranges between 

1 to 3 and l to 5. Many of the beds are internally 

laminated. 

Other primary sedimentary features may also be 

obnerved in the Seboomook formation, particularly on water-

or ice-polished surfaces. Many of the basal lithic gray-

wackes show current bedding and, in some, ripple marks are 

v~sible. Both symmetrical and asymmetrical ripple m~rks 

have been observed, and internal cross laminations are 
. 

visible within the ripples. Ripple marks in the basal 

li thic era;rwacke are faintly visible in figure 22. 

Typ:tcally 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 layers of lithic graywacke 

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 vicinity of Grand Pitch, peneconteroporaneous deformation, 

probably caused by slwnping, is visible (fig. 22). This 

ph2nomenon is believed to be more common tha~ the present 



;1~urc 21. ut~ro3 ~.· t~~ Se~oo~ook ~2r~et5.~n nt t~e ~o~th­
t.-ast r~:-1t1 cJ·"' ~·.:·~~1~~e :TslP::·~1, .·a.ta·~.:a~1n J.,~~-{e, JL·)\~~n:s ~orth­
e~et. gedd~ng dips about 3j ~cgrees to the le~t; axial 
plane cleav~ss di)s R~~u~ 70 dc3rees, also to the left. 

~<'igure 22. \'later-polished sur::,ace of th-e Seboomook for-
rna t1011 Just he)..;'):."\'" Gr'ln~: )5. -::ct>, \le"hs ter : 'r~ok (north side 
of the 'roo!r). ,.\sy;"Jr:~·t.!'ie r:~;Jplc .rmr1rn in the l~~.~{ht­
wenthorir_i:~ l!.th:tc ,:~1~n:r·racke, a.nd the e:'fects of pene­
contemporaneous de for•r;;a t~on (slumping?) are visible. 
The ham."?ler handle points in th.e di rec ti :m of t".1.c top 
of the beds. 
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number of observations indicate. Penecontemporaneous 

deforn-ation may have been confused with drag folding in 

poor exposures in the early stages of mapping. 

Thicker beds of lithie graywacke that are also 

present in the Seboomook formation usually contain shaley 

partings. Large exposures indic.ate that these thicker 

beds of' 11 thic graywacke are not continuous? but pinch and 

swell over relatively short distances. A typical example 

is found on the north shore of First Lake (NE 12-07). Here 

a bed of lithio graywacke swells from a thickness of one 

inch at either end to a maximum thickness of about one 

foot within a distance of 25 feet along strike. Typically, 

11thic graywacke forms a higher percentage or the formation 

close to the outcrop area of the Matagamon formation. For 

example, just upstream from the sharp right angle bend in 

Trout Brook {C 22-54) a massive bed of 11thic graywacke 

six feet thick has been observed. 

I 

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 is 

silty. The· muscovite flakes have recrystallized sufficiently 

so that some of them are visible in the hand specimen (O.l 

to 0.03 mm across)• 1-J'Jst of them, however, are the size 

of the average quartz grains. X-ray diffraction patterns 

show the muscovite to be the 2M polymorph of Yoder and 



59 

Eugster (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 

clllorite, 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 

carbo.naceous material are concentrated along incipient 

cleavage planes. Pyrite is usually not visible in the hand 

specimen. 

Laminations are visible in some thin sections. 

Typically, the laminations are graded, both in tr~ size of 

the detri tal quartz grains, and with respect to the ratio 

of quartz to muscovite. 

A mode or the lithic graywac~e. averaged from three 

thin sections, is presented below. 

quartz 60 percent 
p lagi oc lase 7 " 
muscovite 8 " 
chlorite 8 " biotite 3 " carbonate 8 " 
opaques plus limonite 6 n 

zircon tr 
rutile tr 
tour7..aline tr 
apatite tr 

The average size of the detailed grains ls 0.05 to 0.10. 
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Thus the detr1tal grains a.re of the very fine sand size of 

Wentworth ( 1922}. The quartz grains are angular to sub­

angular and show undulatory extinction. The only feldspar 

recognized is plagioolase. 

Generally, the lithic graywacke is slightly 

calcareous, whereas the slate is not. This is reflected 

by the carbonate reported in the mode and by the rac t that 

the lithic graywacke fizzes slightly under HCl. The calcite 

in the li thic graywacke might account for the scattered 

calcite veins and the calcareous quartz veins in the 

formation. ·Some reddish brown carbonate, ankerite, is 

also visible in thin sections. The identification of 

ankerite has been confirmed by X-ray diffraction. 

Finally, it shculd be stated that some extremely 

fine-grained aggregates of chlor1te and/or muscovite are 

included in the mode under "muscovitelf and "chlor1te." 

Many of these are probably fragments of pelitic sediments. 

to:n:R CONTACT AND THICKJ:ESS: The lower contact of 

the Seboomook formation with the underlying rocks of 

Silurian age has not been observed. North of the narrow 

neck of water in Kimball Pond, however, the Seboomook 

formation crops out within 50 yards of calcareous Silurian 

siltstone. On the basis of gross .structural features, the 

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

As deten:nined from the probable width of the out-
o 

crop belt (6000 feet) and the average dip C45 ), the 

formation is about 4000 feet thick in the vicinity of the 

Bowlin Pond Road, Shin Pond quadrangle. If the structural 

interpretations are correct, the f orma ti on thins to about 

1500 feet southwest of Haskell Deadwater. 

The thickness of the Seboomook formation in the 

northern part of the Traveler Mountain cpadrangle is 

difficult to estimate because of extensive folding and the 

lack of a marker bed. On the east shore of Hay Brook 

Logan, however; there is a fairly continuous section with 

a steep, consistent south dip. The outcrop width of this 

section is about 4500 feet and the estimated thickness is 

4000 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 cyclically layered slate 

and lithic graywaeke of the Katahdin-Traveler area is 

lithologically similar to and stratigraphically the equi­

valent of the Seboomook formation of Boucot•s (1961) Moose 

Riv~r Syncliririum. Although it cannot be demonstrated at 

present by continuous mapping, reconnaissance by the present 

author and others suggests that the cyclically layered slate 

and lithio graywacke of the Katahdin-Traveler area is 
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continuous with the Seboomook i'ormation of the Moose River 

synclinoriu.m (Boucot, et!.!.• 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 udirectly on the strike of the 

Seboomook slates." 

Fossil fragments have been found in the Seboomook 

formation at a number of localities in the Katahdin-

Traveler area. A collection was made from the only 

substantial find within the area studied, on the north 

shore of Deep Cova, 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 locality would probably be 

flooded at the normal lake level. The rocks in which the 

fossils occur are unusually massive silty and sandy beds. 

Professor A. J. Boucot bas studied these fossils and con-

eluded that the formation is of Be.craft-Oriskany age. The 

following forms were identified (A. J. Boucott written 

communication, April, 1961): 

Loxonema sp. 
orthoceroid 
peleoypod 
Leptostrophia sp. 

Leptoooelia cf. flabellites 
trilobite 
coral 

A second fossil locality, possibly in the Seboomook 

formation, was found outside the area studied in the floor 

and walls of a gravel pit between Thissell Pond and Little 

Nesowadnehunk Lake (fig. 2) just south of the new road to 
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Telos Lake (TLSC 305-54}. The outcrops in this gravel pit 

have steep dips, slickensided bedding surfaces, and consist 

of rocks unlike those 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 olive-brown 

a,.~d is a fairly dark gray when fresh. The sandstone contains 

abundant woody material. The shale is finely laminated 

with light and dark layers. Graded bedding is conspicuously 

absent and the bedding planes between the sandstone and 

shale are well defined. The only similar rocks found, occur 

in a single outcrop in the gap between Strickland and 

Center Mountains. 

The simplest interpretation is that the Thissell 

Pond rocks belong to the Seboomook formation. The nearest 

known outcrops are more than a mile away (TLSC 24-42) and, 

although they are not typical of tbe Seboomook formation, 

they are more like tt tr~n those at Thissell Pond. Typical 

Seboomook rocks do crop out close to the TLSC 24-42 

locality (TLSC 20-40) and to the northwest of Thissell Pond 

(TLC 18-23) • 

An alternate interpretation is that the Thissell 

Pond rocks belong to the Trout Valley formation. Because 

this would provide valuable paleogeographic information, 

and perhaps a more precise age for the plant fossils and 
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the 1rraveler felsi te, the area should be studied in more 

detail. 

A. J. Boucot (written communication, April 1961) 

has identified the following forms in the collection of 

fossils from the Thissell Pond locality ma.de by the author 

in 1958: 

Schuchertella sp. 
Metaplasia cf. minuta 
Leltocoelfa cf. flabellites 
Pl coplas{a? sp. 
Coraln 
Edriocrinus? 
starfisn 

LeptostroEhia sp. 
platyceratid 
Meristella cf. doris 
dalmanellid 
dal."'r.tani tid 
acrospirif'erid 

lie states that these forms indicate a Devonian age and 

that they may be younger than Becraft-Oriskany but that 

additional form3 are needed for confirmation. 

In the Moose River synclinorium the bulk of the 

Seboomook formation is of Oriskany age. The uppermost part 

of the formation could be either Oriskany or Onondaga, and 

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

MATAGAMON FORMATION 

N~,m: The rusty weathering sandstone with inter-

bedded slate in the vicinity of Hay Mountain is here called 

the Matagamon formation 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 33-34) are designated as an alternate type section. 
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These rocks were formerly included in the Moose 

River sandstone by Clarke (1909, pp. 64-65). ooucot (1961) 

has given these Early Devonian sandstones in the Moose River 

synclinorium group status, and has subdivided the group into 

formations. The lower sandstones of the Moose River group 

in t:1e Moose River synclinorium grade late1-·ally into the 

Seboomook formation, and were thus never continuous with the 

sandstone of comparable age on Ha.7 Ifountain and !fatagamon 

Lake. A local name is desirable, therefore, .:1 or the sand-

stone on Hay :.rountain and rftataga:r.ion Lake. 

DISTRIBUTION: The Matagamon forma ti :m crops out 

in two areas. The larger of the two is a more or less 

oval shaped area occupyins a. structural basin, the Hay 

Mountain basin, in the east-central ninth of the Traveler 

mountain quadrangle and the west -central ninth of the Shin 

Pond quadrangle. Throughout much of this area, the 

formation, particularly the sandstone, is moderately well 

exposed. Excellent exposures are found at the north end 
\ 

of Hay Lake, on the southern part of Hay !fountain, 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 Grand Lake Dam). 

The ::.~atasamon formation also crops out over a 

relatively small area on the north limb of the Matagamon 

synclinorium between Wadleigh Mountain and Boody Brook. The 
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extent of tha formation 1n this area is not well known. 

D2:.:iCRIPTION: 'l'he Ma.tagar1on i'ornation consists pra­

d:));;inantly of ri.taty weathering lithic sandaton.:.i or lith1o 

sra:,rwaoke with minor lntcrbedded slate and siltstone. A 

tew feet below the Travaler te lsi!:e, the aandstone la 

tuffaeeous. Tho base or the Traveler telsita is mapped as 

the lowest fclsite. The sandstons appears to rorm a higher 

p0rccntago of the forr:llltion than it actually docs bEH'lause 

of its superior resistancs to erosion and honce greator 

tc:J.<lenoy to fOrt'l outcrops. Sandstone, neverth"lloss, 

probably comprises about 75 percent of the .forrr..ation. 

'rypically, the sa..."lds tone crops out 1n low hogback ridges. 

The ve.l leys batweon the ridges probably contain a higbar 

percentage of slate. Figure 5 0 1 ~ows tha appearance on an 

ae:r1a.l photos:;raph or these s:-idgea on Hay Hountain. 

Cleavage ta moderately well developed in the slate 

(as 1..!l the sla ta of the :leboornook forr:ia t1on), but only­

crude 11 devolopiad in the sandst,1ne. The more massive 

sands tone b flds typically break into curving slabs along 

non-planar and non-parallel joints at a high angle to the 

baddl.n3. Quartz veinleta a.re eonuion in som.a e:tpoau.res and 

joints may be lined with quartz and/or oaloite. 

The sandstone, as well as the formation as a whole, 

1s unevenly bedded. The 1ndi vi.dual sandy beds range in 
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thickness from about an inch to several feet and are 

typically 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. 11 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 s·and. Sideri tic concretions are also found. 

At a few localities load-casts have been observed. 

One load-cast is shown in figure 23. These load-casts 

consist of rounded or more· or leas 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 fluid sand into highly fluid underlying mud and 

are hence properly called load-casts (Kelling and Walton, 

1957). 

Fossil fragments are relatively common in the 

Matagamon formation. These include both invertibrates and 

plant material. Typically, the invertibrates are con­

cent:ra.ted in "shell beds." The origin or similar shell 

beds in the Moose River Syncllnorium has been discussed 

by Boucot (in preparation). 

The sandstone of the Matagamon formation is typically 
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«'L,-·1re 20. J,ltc.co9 o~' ti:1..:: .:ata~:arc __ ,n t'urma·c.ior; a.i·; Grand Lake 
Dam showing t11e rus ty-wea the ring sands tone anc, at tile 
waterline nt the left, slate. I'he hammer rests against 
a large loa~-cast. Cras3-larnlnati~ns can be seen in the 
lower right. In the upper right is tr1e west abutment of 
t'1e dam. 
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rusty weathering and slightly calcareous. On the fresh 

surface 1t is a medium bluish gray or greenish gray. The 

aetrital grains are angular to subangular and the average 

grain size 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 roe k fragments. Thus, depending upon the anount 

of "clayn matrix present they fa 11 into 11 thic graywacke 

or the lithic sandstone (more specifically, subgraywacke) 

classification of Pettijohn (1957, p. 291). The subgray­

wacke is, in general, better s·orted than the lithic gray­

wacke. 

Rock fragments include quartzite, chert, pelitic 

sediments, felsite, basalt, and granophyre (small grains 

composed of a graphic intergrowth of quartz and alkali 

feldspar). The felsite fragments are the most abundant 

perhaps indicating contemporary volcanism in the source 

area. Granophyre fragments have been found in all thin 

sections of the sandstone. 

Much of the quartz shows undulatory extinction and 

most of the feldspar is plagioclase possessing polysynthetic 

albite twinning. Perthita and microcline are also fairly 

common. The heavy mineral suite typically includes zircon, 

apatite, magnetite, pyrite, and minor tourmaline. The 

rusty weathering is due to a limonitic alterati~n of 



disseminated pyrite grains. At a few localities pyrite 

is visible in the hand specimen. 
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The relatively large muscovite flakes, co~..mon in 

the slate, are scarce in the sandstone. Much of the former 

"clay11 matrix is now chlori te (very slightly pleochroic in 

light greens and showing abnornal interference colors) and 

sericite. A second bright bluish-sreen chlorite with 

moderate birefringence is sparsely present in some speci­

mens. Biotite is rare. 

A few feet below the Traveler felsite, sparse 

felsite pebbles appear in the sandstone. Closer to the 

felsite, beds of tuffaceous sandstone are 1nterbedded with 

the pebble-bearing sandstone and slate. The tuftaceous 

sandstone is typically dark gray or black, feldspathic, 

contains felsite pebbles as well as sand-size fragments, 

and has a semi-flinty appearance. The detrital fragments, 

particularly quartz, are very angular and the rock contains 

about 20 percent matrix, presumably tuffaceous material of 

silt size or smaller. Local tacies changes are rapid in 

this zone. 

THICKNESS: As determined from tha width of the 

outcrop belt between the Seboomook f ormaticn on Hay Lake 

and the axis of the Hay Mountain Basin, the Matagamon 

formation must be at least between 4000 and 5000 feet 

thick. The top formation is not exposed here. The 
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fortr'Ation probably thins to a feather edge to the south­

wast. (See below). 

CORRELATION Ar!D 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 foroation. 

The Oriskany age of these rocks was first estab­

lished by Hitchcock (1861). This age has been subsequently 

conf irm.ed and the faun.al assemblege amplified upon by 

Clarke (1909) and Bouoot (in preparation). A small 

collection of fossils by the author from "Lower" Stair Falls 

on the East Bra~ch, contains tb~ following forms (Boucot, 

written communication, April 1961): 

Meristella sp. 
Le'ptostrophia? sp. 
Leptocoelia cf. flabe 111 te:s 

These suggest a Becraft-Oriskany age. Boucot has found 

that the faunal assemblege of the Matagamon fonnation is 

unlike that of the Tarra tine, Seboomook, or Cold Stream 

formations. However, it is most similar to the fauna of 

the Tarratine formation and Boucot has suggested it may 

have lived in a similar environment, i.e., in a relatively 

shallow-water and near-s here environment in contrast to the 

deeper-water enviror..ment of tee fauna. of the Seboomook 

,,--f orma ti on. 
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STR\TIGR!\.PHIC r:rnLATIONSHIPS: The .HatagB.J.-non 

forrJation presents a number of interesting and unsolved 

problems. One such problem is its re lat i onsbip to the 

seb :)Omook formation. Boucot ( 1961} has ob served that Lower 

Devonian sandstones in northern Haine tend to occur as 

isolated patches in a terrane of finer grained elastic 

sediments. 'rhey may thus represent local basins of sand 

de~osition. Boucot's interpretation is trat these sand­

stones grade laterally into pelitic sediments such as 

ti· cs e of tl':e Seboomook formation. 

In the Traveler Mountain area, however, the Matagamon 

forr1ation app•:ars to overlie tbe Seboomook .formation. The 

contact with the underlyins Seboomook formation is 

transitional over a hundred feet or a few hundred feet 

as displayed south or Atwood Pond and on the west shore 

of Hay Lake. The contact is drawn where sandstone forms 

grea tcr than 50 percent of the rocks. 

In the Telos Lake quadrangle, the Traveler felsite 

rna7 rest diJ:•ectly upon the Seboomook formation (plate 1). 

Thus the sandstones of the Matagamon f orma ti on may r;rade 

int::) the slates of tr'e Seboomook formation to the south-

West. ·rn-1ether there was a similar .facies change to the 

north, east, and south cannot be determined from. available 

evidence. 

A final problem involvin~ the Matagamon formation 
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is its relationship to the overlying Traveler felsite. 

This problem has direct bearing on the age of the Traveler 

felsite, and perhaps upon the dating of the Acadian orogeny. 

There is a possibility, although the author con­

siders it unlikely, that Traveler felsite overlies the 

Hatagarnon formation with pronounced unconformity. Along 

the eastern front of the mountains from Bald Mountain to 

Horse Mountain, the fels i te appears to be conformable with 

the Hatagamon f'orma t ion, both with regards to the map 

pattern a~d individual outcrops, although not many of the 

latter have been observed. Figure 24 shows the locally 

con.f' ormable contact bet~-1een the Matagamon .fonnati on and 

the Traveler fels1te on the east side of Bald Mountain. 

The critical area for determining structural and 

stratigraphic relationships between the fels1te and the 

underlying Paleozoic sediments is along the eastern side 

of Traveler Mountain. Unfortunately, this area is 

practically devoid of outcrops at lower elevations, where 

sedimentary rocks are expected to occur. In the area from 

Bald Mountain south almost to Hathorn Pond the only out­

crops known below an elevation of 1200 feet are in the bed 

of the stream that flows east from the gap be tween 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 
\ 
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.Pigure 24. 
Conformable 
contact between 
breccia of the 
Traveler felsite 
and "tuf faceous 
sandstone of the 
Ma tagaro::m f'or-
ma t ion on the 
east side of Bald 
Mountain. The 
felsi te forms 
the overhang. 

,?igure 25. Close-ut,> o:: the contfrnt bet·.veen breccia of the 
Traveler felsite and t:.iffaceou.s sandstone of the Mata­
eamon forna t ion. ~~:ianne l inc in the sands tone by the 
breccia is visible at the hammer head. 



convenience called Haskell Brook and so labelled on plate 

1) below the felsite, rocks atypical of the Matagarnon 

formation crop out. They consist of light gray or maroon 

quartzites and ha.rd maroon or blue-gray non-fiss'le shales. 

current bedding and ripple marks are visible in the 

quartzites. The strata typically have rnoderate dips and 

are right side up. The maroon color is due to very fine 

grained disseminated biotite. 

It is possible tr.at these rocks belor1g to the 

"Grand Falls" formation of pre-Silurian age. If they do, 

the Traveler felsite overlies the Matagamon formati~n with 

pronounced unconformity. However, for a number of reasons 

it is felt that these rocks are the hornfels of the Mata-

gamon forrr~tion adjacent to an unexposed cupola of the 

Katahdin granite, or to ~1 unexposed volcanic neck or 

necks. The reasans for believing this are: 1) "norrnaln 

Matagamon rocks occur east of the 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 biotite occurs as a 

contact metamorphic mineral in politic sediments or portions 

of sediments at two other localities demonstrably close to 
\ 
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the granite, namely near Hathoi"n Pond and on the north 

ridge of Wassataquoik Mountain. 4) The lowest felsi te on 

Haskell Brook is recrystallized (fig. 39) and contains 

abundant tourmaline as tiny prisms either in clusters or 

disseminated in the groundmass. 
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TRAVELER FELSITE 

NAME: The volcanic rocks of which the Deadwater 

Mountains are composed were first described petrographically 

by Smith (1930), who estimated their areal extent to be 50 

square miles. They were subsequently briefly described and 

named the Traveller (sic) rhyollte by Toppan (1932, p. 69). 

rt is 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 tr.a groundmass, 2) the groundmass cannot be resolved 

sufficiently to estimate modes, 3) available chemical 

analyses indicate that at least some of the rocks are 

rhyodacltas (aphanitic equivalent of a granodiorite). 

Hence the name Traveler felsite is proposed for th! felsitic 

volcanic rocks of Traveler Mountain. The spelling of 

"Traveler" is that which appears on the u. s. Geological 

Survey Traveler Mountain quadrange map. 

DISTRIBUTION: The Traveler felsite forms the 

mountainous region that covers about 70 square miles in 

the central and southwestern portions of the Traveler 

Mountain quadrangle and the southeastern ninth of the Telos 

Lake quadrangle. A narrow belt (one half mile by seven 

·miles} of felsite is fcund on Wadleigh Mountain. This 

body is separated from the main portion of the felsite by 
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a fault. Its western limit is not precisely known because 

of glacial cover. The formational contacts shown on the 

geologic map (plate l) for this area are based upon the 

sparse outcrops, major structural interpretation, and 

lineaments shown on high altitude aerial photographs 

(approximate scale 1:71 1 730). 

The telsite on Center Mountain, Telos Lake quad­

rangle, is believed to be an isolated body although it was 

presumably once continuous with the main area. The felslte 

on Center Mountain is separated from that on Strickland 

Mountain by a narrow strip of sedimentary rock. A 

relatively broad open basin lies to the east or 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 

p. 55) 

NOMENCLATURE: There is much confusion in the terms 

in current usage describing volcanic rocks, 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 

Cenozoic rocks to older less well-preserved 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 

Traveler .felsite have the outlines of shards, but are no 

longer composed of glass. They almost certainly were 

fragments of glass which have devitritied. Because the 

term devitrifled shard is cumbersome, t}), 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 flo~ as consisting of fifty or more 

weight percent ash exclusive of foreign 

1nclus1on9, and as being "analagous to, or 

perhaps the same as, the deposit resulting 

from the passage of one nuee ardente." Ash 

is a size term for pyroclastic particles less 

than four mm (Wentworth and Williams, 1932). 

"Ash flow" ls used in preference to the more 

cumbersome term "deposit of hot ash flow" 

proposed by the author in an earlier paper 

(See appendix A). "Ash flow" may also be 

used for the depositing medium in the same 

sense that "lava flow" may refer to either 



the resulting rock unit or the moving stream 

of lava. 

Welded ash flow - an ash flow in which welding 

has been an important phenomenon. 

Ash-flow sheet - a deposit which has not been sub­

divided into well-defined units, but r.h1ch is 

a mappable, sheet-like stratigraphic unit and 

is of inferrable ash flow origin. 

n~ldod tuff sheet - an ash-flow sheet containing 

conspicuous welded tuff. 
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The author disagrees slightly with Smith in the 

definition of "welded tuff." Smith (1960a, p. 800) states 

"A welded tuff is a rock or rock body in which vitrie 

particules have some degree of cohesion by reason of 

having been hot and viscous at the tin~ of their emplace­

ment." The intent of such a. definition is, of course, to 

e~clude all rocks not part of a welded tu.ff sheet. For 

example, pyroclastic material welded or fused at an igneous 

contact (fused tuft) would be excluded (Smith, 1960&, p. 

800). On the other band, some air fall ejecta might have 

to be included under Smith's definition. This writer 

believes that the term welded tuff should be applicable 

to an isolated hand specimen without reference to the 

outcrop from which it came. There should, thus, be no 

requirement in the definition as to the time or cause of 
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welding. l.~elded tuff, as used here, simply means a tu.ff 

in which the shards have been fused or welded together. 

Whether or not a welded tuff is part of an ash flow must 

be deterr.1.ined on other than internal evidence. 

The application of this definition to older rocks 

presents certain proble:ns. The obvious result of welding 

is an indurated, coherent rock. Several authors have 

pointed out that a similar rock could result from 

devitrification following the eruption (Fermer, 1925, p. 

198, and 1948; Jenks and Goldich, 1956). Fenner (1948) 

proposed thG term "sillar" for tuft's indurated by 

pn~umatolytic crystallization phenomena and not, primarily, 

welding. Smith (1960a, p. 828) has discussed this problem 

briefly and pointed out that under optimum conditions there 

is a valid distinction between the two processes, but such 

pneumatolitic crystallization was probably initiated 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 oementation. 

Hence, the writ er has found this di stincti an between the 

causes of cohesion to be untenable in the older volcanic 
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rocks with which he has been working. In fact, the use of 

the adjective "welde~'with reference to older volcanic 

roc1rn is unfortunate because welding is an inferred process 

rather than an observed result. 

Many relatively young rocks are also charncterized by 

the plBstic deformation of constituent shards or pumice 

fra· rn.ents. The de formed shards are crudely alignec.1. and 

inpar~ a foliation to the rock. Whatever the cause of the 

deforma.tLm, the resulting deposit is thinner• th.Rn a com­

para~le deposit containing undeformed shards. In this sense 

t'.1e de forrna ti on is a. compress ion. 'l'o the ex.tent that the 

shards are still visible in devitrified tuffs, the deformation 

or compression of the shards will also be visible. All ro~ks 

that are called welded tuff in the following discussion 

contain features interpreted as deformed sherds. This 

criterion may exclude tuffs in which the cohesion of' unde­

:ormed shards originated through welding. Ilowever, unless 

the shards are deformed, the evidence is equivocal. 

GENEBAL S'I'A'rI~iifEMT: The Traveler felsite includes 

a variety of rock types, but most of the formation is a 

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

black folsite that breaks with a conchoidal fracture. The 

least weathered samples are the darkest. The rock weathers 

t,) light rusty tan or bone '!lhite. The whitish weathering 

rlnd is usually 2 to 5 mm thick, but may be 10 or more cm 
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thick. Commonly an entire outcrop is so weathered (light 

greenish or bluish 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 jointing is common in 

outcrops. 

Two members have been defined within the Traveler 

felsite: the basal Pogy Il'l'mber 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 plagioclase phenocrysts from the Pogy member 

have structural characteristics of the low temperature 

modification. Welded tuff is the dominant rock. Plagio­

clase and pyroxene phenocrysts are present in the felsite 

of the Black Cat member, but quartz is absent or rare. 

Plagioclase phenocrysts from this member have structural 

characteristics intermediate between the high and low 

temperature modifications. The dominant rock is lava. 

This variation in the percentage of quartz 

~henocrysts is the only consistent difference observable 

in the field between tr~ two members. The significance 

of the quartz was recognized after completion of field 
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work:, and the decision to establish the two members was 

made on the basis of hard specimen and thin section study. 

The contact between the two members is, therefore, only 

approxtma te. Felsi te. which cannot be assigned to el ther 

member because of lack of information is discussed und~r 

"Traveler felsi te, undifferentiated. n 

POGY MEMBER: The Pogy member is defined by its 

position at tho base of the Traveler .t'elsite and by the 

presence of quartz phenocrysts (usually greater than 10 

percent of the total phenocrysts content). It is named 

from exposures on Fogy Mountain. It crops out in two 

large areas. One is at the northeast end of the felsi te 

including Trout Brook, Horse, Billf 1sh and Bald Mountains, 

with an arm extending south along the eastern slopes of 

Traveler Mountain. The other is in the south-central 

portion of the felsite area including Wassataquoik, Pogy 

and South Traveler Mountains. 

The Fogy member consists of a variety of felsitic 

rocks, most of which are pyroclastic. Lava seems to be 

restricted to Trout Brook Mountain. Volcanic brecoia of 

uncertain origin bas been found on Nassataquoik and Bald 

Mountains. Tuffaceous sediments have been found on Bald 

Mountain. The pyroclastic rocks include welded tuff, 

porphyritic tuff, nonporphyrit1c tuff, crystal tu.ff, and 

lapilli tuff. Welded tuff is by far the major rock type 
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and has been round throughout tbe Pogy member except on 

~assataquoik Mountain. 

As determined from the attitude of primary planar 

features w1 thin the fe lsi te, the Pog y member is between 

2500 and 3500 feet thick on the eastern slopes of Traveler 

Mountain. The Fogy manb er may be t hie ker near Billfish 

and Fogy Mountains, but without a marker unit and more 

structural data no meaningful estimate can be made. The 

Fogy member, as well as the,, entire Traveler felsi ta, is 

believed to have rapidly thinned to a feather edge beyond 

the present limit of the Traveler felsite to the west, 

north, and east. 

WELDED '11UFF: Def orroe d and d evi t ri f i ed s ra rds are 

visible in :rmny thin sections of the Pogy member. The 

term welded tuff is used 1n this paper as a descriptive 

rock name for tuffs containing such deformed or flattened 

shards. The deformed shards~3 in the welded tuff are sub-

parallel and, depending upon the a.mount 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 fo lia ti ::m. 

As the amount of flattening increases, it becomes 

3No 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. 



increasinely difficult to distinguish between welded tuff 

and lava. As the amount of flattening decreases, it becomes 

difficult to distinguish between welded tuff and non-welded 

turf. 

Outcrops of welded tuff may show crude prismatic 

jointing. Columns may be as thick as 4 feet and as long 

as 45 feet, but most are smaller. In general, columnar 

jointing is better developed in the Black Cat member. 

Welded tuf f is well exposed on the cl if rs of Horse 

Mountain, the western summit 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 tbe field are now believed invalid. Hence much of the 

felsi te, mapped as welded tuff in the early stages of this 

investigation, is now thought to be lava. The following 

discussion of compressed tuff is based upon megasoopic and 

microscopic data from about 50 specimens collected from 

widely scattered localities within the Pogy member. 

Features interpreted as deformed shards are visible in all 

of tre thin sections of these specimens. 

The welded tuff is very dark gray or black where 

completely fresh. Relatively fresh specimens are various 



shades of gray, greenish gray or bluish gray. The rock 

is hard, dense, and breaks with a conchoidal fracture. 
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small phenocrysts, all less than three mm in length, 

charac teris tical ly make up about 15 percent of the rock; 

many of them are fragmented. Approximately one-third of 

the phenocrysts are quartz and two-thirds are plagioclase.4 

sanidine phenocrysts occur in a few specimens and garnet 

has been observed in two. Completely altered mafic silicates 

constitute a few percent of the phenocryats in some welded 

tuffs. Data on the phenocryst e ontent of representative 

welded tuffs are presented in table 2. GrzyNth aggregates 

of two or more phenocrysts, so typical of the lava in the 

Black Cat member, are scarce. Lithia fragments are present 

in all samples. 

Euhedral, subhedral or fractured quartz phenocrysts, 

present in all thin sections, constitute from 2 to about 

60 percent of the phenocrysts. '5 But in the typical welded 

4rhe compositions of the phenocri1sts and methods 
by which they were detennined are discussed in Chapter 
IV. 

5rn only one specimen does quartz constitute as 
much as 60% of the "phenocrysts." This specimen is from 
the base of the Traveler felsite. Hence much of the 
quartz may be picked-up detrital grains. These detrital 
quartz grains should not be called phenocrys ts, but there 
ls no practical means of distinguishing them from 
phenocrysts. In several thin sections, however, nearly 
half of the phenoc rys ta are quartz. 



TABU.'.: 2 

Estimated Modes of Phenocrysts in the Pogy Member, 
Traveler Felsite 

Sample No. l.~r 2. 3. 4. 5. 6. 7. 

Total percent Pbenocrysts 
in rock 13 20 7 10 12 17 20 

Mineral constitution of 
Phenocr;ysts 

Quartz ai 9 1~7 15 38 50 15 
Plagioclase 73-::-* 1~7 15 60.-~-·~ 49 64 , .. ,. 
Sanidine x x 10 
Maf ic silicates 8 H~ 8 tr 8 

Clinopyroxene 
Biotite x 
Hornblende 
Garnet tr 

Access orle s 2 
Opaque s~H:~ .. x 3 5 2 2 1 3 
Zircon x tr tr tr tr tr tr 
Apatite x 1 l tr tr tr tr 

~<-point count. Phenocrys ts rep resent 134 points out of 1000. 
*·:z..rotal feldspar. Sunidine is thought to be very minor. 

-:~·:H~Includes both magnetlte and ilmenite~ 

8. 

10 

39 
59 

1 
tr 

l 

9. 10. 

35 7 

40 20 
40 64 

5 13 
x 
x 
x 

15 2 
tr tr 
tr 1 

11 •. 

10 

40 
40 
19 

l 
tr 
tr 

12. 

5 

5 
87 

5 

x 

2 
tr 

1 

(!,; 
-..J 
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TABLE 2 (Continued) 

1. KR 49 {EC 15-49) Perlitic welded tu.ff from penninsula 
north of Forest Service Camp on shore of Matagamon Lake. 

2. KT 207 (SE 1-515) Welded tuff from 2100 feet on the 
east side of The Traveler. 

3. KT 210 {SE 4-47) Welded tuff from 1850 feet on the east 
side of The Traveler. 

4. KT 225 (s·d 35-20) ~velded tuff from 2200 feet on the 
eastern ridge of the South Pogy Mountain, plagioclase 
is andesine. 

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

6. KT 274 (S:J 32-47) Welded tuff from about 1/2 mile north­
west of Mahar Pond. 

7. KT 355 (C 36-24) Welded tuff from Bald Mountain Falls 
(stream northwest of Bald Mountain). 

8. KT 531 CT::'C 13-45) Welded tuff from base of cliffs on 
Horse Mountain (3-5 feet above Hatagamon formation). 

9. KT 256 (SC 6-31) Felsite of uncertain origin from 1620 
feet on the southwest side of Fogy Notch. 

10. X:T 372 ( S~i 28-15) Fe ls ite of uncertain origin from 2180 
feet on the south side of South Pogy Mountain, plagioclase 
is andesine. 

11. ICT 374 (SW 26-14) Fels ite of uncertain origin from 2200 
feet on the south side of South Pogy Mountain, plaglo­
clase is andesine. 

12. 7\R 139 (C 36-46) Lava from the lower prominent flow on 
the south side of Trout Brook Mountain, elevation 11+50 
feet. 



tuff between 15 and 35 percent of the phenocrysts are 

quartz. Quartz ranges in size from tiny fragments to 

~rains 1.5 mm across; most of it is between 0.1 and 0.4 
~ 
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mm across. Much of the quartz is corroded (fig. 27), and 

most of it is slightly biaxial with a maximum 2V of about 

5° (the isogyres almost separate}. Fluid inclusions are 

invariably present and range in size from vanishingly small 

to 0.04 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 contain only one phase, are isotropic, 

have an index of refraction less than quartz and have 

negative crystal outlines; these may be glass. Quartz also 

contains inclusions of apatite. opaque minerals. calcite, 

chlor1te, and groundmass. Many of the inclusions of 

groundmass could be embayments in three dimensions. Some, 

however, have hexagonal outlines and are probably true 

inclusions. 

Feldspar phenocrysts oonstitute an average of 67 

percent of the phenocrysts of the welded tuft. 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 sanidlne have been identified. Both 

feldspars may be corroded and both contain numerous 



inclusions of prismatic apatite and to a lesser extent 

ztrcon and opaque minerals. 
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Plagioclase is ubiquitous; sanidine has been 

identified in only six thin sections. It is extremely 

difficult to estimate the relative abundances of coexist­

ing plagioclase and sanidine as most of the feldspar is 

partly or completely clouded with alteration products 

(sericite, 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. Staining 

techniques have not been tried. 

Fresh plagioclase is strongly zoned and resembles 

that in the lava. of the Black Cat member in details of 

zoning and twinning. Few samples of welded tuff contain 

plagioclase fresh enough for optical study. Compositional 

and optical data for plagioclase phenocrysts from two 

specimens of welded tuf f from the Pogy member are presented 

in table 7. The average composition of the plagioclase 

from t~se two samples is An49. 

Much of the sanidine is perthitic with the ratio 

of the potassic phase to too sodic phase about 4:1. The 

sanid1ne has the optic properties of low sanidine (optic 

6sericite is used in this study for any fine­
grained white mica. 
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plane ~(010), distinct dispersion, r>v). The composition 

of sanidine from two specimens has been determined by 

measuring 2V. Both specimens contain sanidine with a 
7 

composition of Or67• 

Mafic silicate phenocrysts are notably less abundant 

than in the lava of the Black Cat member. They may be 

absent or may constitute as much as 10 percent of the 

phenocrysts. Almost without exception they are altered 

so completely that the original ma.fie mineral is un• 

identifiable. The alteration products incl~de chlorite, 

calcite, clinozoisite or epidote, sericite, magnetite, 

limonite, very fine grained amphibole, and celadonite. 

Remnants of biotite phenocrysts were observed in a few 

thin sections; garnet occurs in two specimens. 

A greenish mineral, probably celadonite, occurs 

in some thin sections as an alteration product of mafic 

silicates or is a lenticule filling. It 1s characterized 

by moderate to strong pleochroism (light yellow to bright 

'Sr~en), moderate b iref'ringence and parallel extinction. 

The birefringence and pleochrotsm are too great for chlorite 

and the pleochroism is unlike tr~t of biotite elsewhere 

in the felsite. Biotite is usually pleochroic 1n yellows, 

bDov.zns .and dart{ brown greens. This greenish mineral also 

7 The sanidine phenocrysts from one of these 
specimens (KT 228) coexist with plagloclase phenocrysts 
of composition An4a• 
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ia.clts the shagreen texture of biotite. Ross {1958,, p. 543) 

has reported that celadonite occurs as a secondary mineral 

in welded tuff from Clynch County, Georgia. W. s. Wise 

of Johns Hopkins University (oral communication) reports 

that he has identified celadonite in Early Tertiary ash 

flows of the Pacific Northwest, U. s. A. He states that 

all celadonite he baa seen is moderately to strongly 

pleochroio with a bright green or bluish green color in 

transmitted light. Celadonite is a dioctahedral phyllo-

silicate with an ideal for:iula, according to Wise, of 

K Mg Fe' 1 ' (Si4010 )(0H)
2

• This greenish mineral in the 

welded tuff of the Pogy member has properties consistent 

with those of oeladonite and prcbably is celadonite. 

Estimation of th~ percentage of ma£ic phenocrysts 

is 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 lentioules and are obviously 

related to the formation of' tr.e lenticules. Others are 

of irregular shape and uncertain orl gin. 

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. 

Figure 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 4mm) of the Wentworth and Williams (1932) classifi­

cation, and nearly all are less than 2 mm. These figures 

are, of course, meaningful only for the relatively un­

deformed shards. They appear to be unsorted, although 

sorting characteristics cannot be detennined accurately 

in a two dimensional thin section. 

Examples of deformed shards are shown in f 1gures 

28 through 34. In other thin sections the identification 

of shards is less certain because of extreme deformation 

or alteration •. Figures 35 through 40 show various features 

believed to have originated as shards, but about which 

there may be some doubt. Perlitic fracturing is found in 

some welded tufts, such as KR-49 (fig. 36). Angular 

chlorit!c bodies in these tuffa are probably shards, but 

some of them may be chlor1tic alteration along perlitic 

fractures. Other specimens contain angular bodies rich 

in magnetite (figs. 38 and 40). These rocks have a very 

definite fragmental appearance in thin section and enough 

of the magnetite-rich bodies resemble srards 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 like flow banding (figs. 37 

and 39). It is not always possible to decide whether a 

given I"ock is a welded tu.ff or a lava. In the three 
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examples given above, however, it is believed that the 

discontinuities, lensings out {fig. 37}, or breaks (fig. 

39} in the banding of the ground.mass result fI"om the 

original tragmental nature, rather than f lowage. 

The amount of deformation of the shards is not 

constant within one thin section, or from specimen to 

specimen. The deformation is greatest in the vicinity ot 

phenocrysts or lithlc inclusions. Figure 29 shows shards 

squeezed between two phenocr,rsts to the extent that the 

foliation resembles flow banding. Elsewhere in the thin 

section, the fragm.ental nature of the rock is evident 

(!'ig. 28). 

The mineralogy of the shards ranges within wide 

limits. The following minerals have been identified: 

quartz, potassic feldspar (probably orthoclase), a non­

fibrous zeolite (?), sericite, chlorite, caladonite, 

saponite, calcite, siderite, epidote, amphibole, and 

magnetite. The zeolite (?) (distinct lavender color, 

strong negative relief, very low birefringence) occurs as 

small scattered grains associated with quartz and potassic 

feldspar. It has been observed in only three thin sections. 

The mineral believed to be saponite is platy or fibrous, 

has a very light olive-tan color, faint pleochroism, 

moderate birefringence, parallel extinction, refractive 

tn,dices bet ween those of quartz and ch lorite, and 1 s 
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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. 

543} has also reported saponite as an alteration product 

of dacitic and rhyolitic shards. 

The most common assemblage of minerals in the 

shards is quartz, potassic feldspar, and saponite, with 

or without chlorite. Typically the shards have axiolitic 

borders (elongate crystals growing perpendicular to a 

surface) of fibrous saponi te and· prismatic pot as sic feldspar 

and cores of a mosaic of quartz, !chlorite (fig. 33}. In 

some specimens the shards contain only quartz and potass1c 

feldspar. Here again, .f'e ldspar forms the borders of the 

shards and quartz fills the centers. Other samples contain 

shards apparently composed entirely of sapon1te or chlorite. 

It is not always possible to determine whether saponite 

or ohlorite is the mineral present. In a few specimens, 

bodies interpreted as much flattened shards are composed 

of optically continuous quartz. Finally, some shards 

contain such a high percentage of opaque dust, probably 

magnetite or limonite, that they are n9arly opaque (figs. 

38 and 40). 

Inter-shard areas contain the same minerals as the 
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shards, although there is commonly a difference between 

tbe two areas in the percentage of a given mineral present 

and in grain size. Host commonly, minerals in the inter­

shard area are much finer grained (fig. 28). In such 

sa:riples, the inter-shard areas look essentially the sar:1e 

as the groundmass of the lava of the Black Cat member. 

In some thin sections, the shards have been compressed so 

closely together that there is virtually no area left 

bct~1een ther.i. 

Lithic inclusions are present in nearly all samples 

of welded tuff and constitute from 2 to 20 percent of the 

rock. Several rock types are represented in the inclusions, 

but the most common is felsite. The felsite inclusions 

are themselves varied, but most of them resemble some type 

of the Traveler felsite a....'1.d are presumably cognate 

inclusions picked up from the surface of the underlying 

unit or from the walls of the vent. Many of the fe lsi te 

fragments are banded, but whether this is a flow or a 

compression structure is not known. In some thin sections, 

the banded felsite fragments are randomly oriented. In 

others, the banding of the fragments is roughly parallel 

to foliation of the shards. 

Tuff, welded tuff, crystal tuff, pumice, and 

collapsed pu.~ice have also been identified a.r.iong the 

f eisi te i nclusi::ms. The felsi te fragments may be visible 

on tha weathered surface of welded tuff (fig. 41). 



Typlca.1.ly, they weather to a drak greenish gray or dark 

gray while the matrix weathers to a light greenish gray 

or bone white. 
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Other types of lithic inclusions include subgray-

wacke siltstone, shale, and diabase. The included 

sedimentary rocks are identical in ~ppearance and mineralogy 

with the rock types of the underlying Matagamon and Seboomook 

formations and are presumably derived from them. Because 

the sedimentary rock fragments a.re not restricted to the 

basal unit of the felsite, sorne must have been plucked 

from the walle of the vent. 

The diabase inclusions (consisting of plagioclase 

laths and chlorite) are raro. It is possible that these 

could have cane from the Pond Fitch basalt which crops out 

alont, the East Branch of the Penobscot a few miles to the 

enst. More likely they are closely related to similar 

inclusions in the Black Cat member and to the growth 

a£gregates of phenocrysts (See p.147). Perhaps they come 

from the crystallized marglns of the magma chamber. 

Long, thin lenticules, so characteristic of the 

lava in the Black Cat member, are uncommon in thin sections 

of welded tuft. They are generally absent from those 

specimens 1n which shards are clearly recognizable or only 

r:1ildly deformed. It is uncertain whether they 01"iginated 
"-" 

as collapsed pumice fragments, as favored by some authors, 
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'isure 26. { i\T 228, SC 25-32) • t/e ld ed tu ff from the 
western summit of South Traveler showing li_;ht-gray­
weathering shards and white-weathering feldspar pheno­
crys ts. Pogy member, Traveler felsite. 10 cm scale. 

,,_. 27 ( 1 r-,, • ·?. ... 'Z(·c:: <)O) '"' ' ' t ' c' l.8;Ure e !.'cl '±U1) 1 : _ _, .J~id-i<J • ;_,Qrroaen quar Z. pneno-
cryst fro~ a welded tu:f, Pogy member, Traveler felsite. 
The s~ecimen is f~'Om :30.ld ?:'ounta.in. X 38. 



Figure 28a. {KR 77, EC 13-45). Welded tuff of the Pogy 
member, Traveler felsite from the base of the cliffs on 
Horse Mountain. This specimen was collected from about 
30 feet above the Matagamon formation. The large 
phenocryst in the upper left 1s plagioclase. X 38. 

Figure 28b. (KR 77, EC 13-45). Same view as figure 28a; 
crossed nicols. X 38. 
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F'igure 29. ( K'l' 77, EC 13-45}. Shards compressed between 
two plagioclase phenocrysts in welded. tun"" of the ?ogy 
member, Traveler felsite. Apatite prisms are visible 
in the pla31oclase phenocrysts. Same thin section as 
figure 28a. X 38. 

:«1gure 30. (i".1\ 73, :~c 13-45). v:elded tuff of the Pogy member, 
Traveler felslte from the base ot the clii't's on Horse 
Mountain, no more than 5 feet above the ;,·atagamon formation. 
Devi trified shards, quartz a~1d olagioclase phenocrys ts 
and an inclusion of siltstone are visible. X 32. 



!"igure 31. \KT 225, SW 35-20). Welded tuff from South Pogy 
Mountain, Pogy member, Traveler felsite. Shards are 
compressed against an inclusion of spherulitic relsite 
(upper left). The phenocrysts are quartz and plag1oolase. 
x 32. 



/iv.ire 32a. ('i'l1 355, C 36-24). Welded tu:~:' oZ' the Pogy 
member, Traveler felsitc from ;3ald ~fountain -::>alls. 
Quartz and sani(iine cr~ys ta ls are visible. X 38. 
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'"igure 32b. ( iCI' 355, C 36-24). Welded tuft, of the Pogy 
member, Traveler felsi te fron l~al6. ;·.10;1ntaln f•'alls. Same 
thin sec tLm a::; fig:Jre 32a. rhe phenocrys ts are quartz 
and sericitizod plagioclas~. X 53. 
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r'i;_ure 33. (~\T 274, SW ;?2-47). Shards showing axiolitic 
--borders of saponito in welded tuff from the valley south 
of Sable rlountain. Apatite prisms are visible. Pogy 
member, Traveler felsite. i. 122. 

?igure 34. 
member, 
x 38. 

{?:T 274, SW 32-47) • Welded tuff of' the Pogy 
rraveler felsi te. Same thin secti·::m as figure 33. 
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Figure 35. (KT 49, ·.,·c 15-49). Perli tic welded tuf f of 
the Po0y member, Traveler felsite from the shore of 
Matagamon Lake. Chloritic alteration of shards and a 
pumice{?) fragment are shown. Much of the ground.mass is 
saponite. X 32. 

1"1gure 36. O~T 207, SY.:: 01-f 15}. Devi tri f'ied shards (?) in 
welded tuff of the ?ogy member, Traveler felsite from the 
east· side of ·rhe Traveler. X 38. 



·~tr-::ure 37a. (KH 65, EC 14-42). Much flattened shards in 
--welded tuf:t' of the Pogy men,.ber, Traveler .felsite f'rom 
the top of the clif_f on Horse lt~ountain. The dark mineral 

in the shards is probably celadonite. x 32. 

?igure 37b. (KR 65, EC 14-42). Devitrif1ed shards in welded 
tnff; same thin section as figure 37a. The phenocrysts 
are ser1citized plagioclase and carbonate pseudomor-
phous after pyroxene(?). X 38. 



'~'1"·ri·"",c :ii~<• (i:m r):::,•7 ,-),.., .--.;~1-;1;-,) La.n•ctJ.•.1..-,_.,.,~,-.:,.. 0 b.&•..,ds i·">,,) .. "Q'-'- ..... '""' ~ """'.;i.. • ... 1 • .t. ~v , \.. v vv...... v v • ~·- t:>·• VO • -V4..a. Q .t... \ 

ln a welded tu::'f of' the :.?o::,y :cecl.ier, 'i'ra veler fels i te 
f;:-o:n liorth Po0y Hountn!n. ?he large vt~lite phenoc1'yst 
in t~e upper ri&l-it ls quartz. X 32. 

/ ; ,;. !­
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Yigure 38b. (K•:r 257, SC 065-315). Magnetite-rich lenticule 
in a welded tuft; same thin section as figure 32a. X 32. 



Figure 39a. (~T 206, SE 03-52). Highly compressed welded 
tuff of the Pogy member, Traveler felsite from the 
eastern slopes of T~e Traveler. The shards are outlined 
by opaque dust. X 122. 

Figure 39 b. (KT 206, SE 03-52). Same view as figure 39a, 
but with crossed nicols. The shards have recrystallized 
to relatively coarse, equidimensional grains of quartz. 
The rock contains abundant tiny tourmaline prisms. 
Near-by sediments are hornfelsed, indicating the 
proximity of the Katahdin Granite (?) (unexposed). X 122. 



::'igure 40. (KT 264, s·;; ~H-:32). Limonitic shards(?) in 
v1elded tu.ff of the Pogy member, Traveler felsite from 
North Po~y Mountain. X 122. 
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'i_;i1ro 41~. O\T 282, S"iY 30-:tz,5). S9.wed s1n•facc of 
vrna the red we ldet.: tut t' shov:in.z 11 thic incl us ions and 
fla ttcned !J'.11:11.r.>.e fra,:gm~YltS. Pogy member, r1'raveler 
eels i tt3 fr•o.t:::! the valley S..)Uth of Sable Mountain. 
10 cm scale. 
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ST'D. "!.1ETER 
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21.s,rure 4lb. (!.CT 534). Wee. thered surfa.ee of welded tuff of 
t11e Pot>ry rue:.nber, '.rraveler felsit~1 sho;":ing an inclusion 
o:' fels 1 te. r:1111e s~'.>ecin;en is from 9 feet above the 
ltatags.rnon for1:-:ation at the base of the cliffs on llorse 
Uountain. 
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or as a vapor phase crystallization phenomenon, as favored 

by Mackin (1960). Angular lithic inclusions and the larger 

lent icules are usually not found in the same thin section. 

This observe. ti on is consistent with e 1 ther theory. Welded 

tuffs do, however, contain darker bodies, usually rich in 

chlori te and· roughly lenticular in shape 1 which have ragged 

borders and terminations (fig. 35). Some of these are 

almost certal:l~ly collapsed pumice. 

PORPHYRITIC TUFF: Porphyritic tuff occurs at 

very few localities within the Pogy member: at the base 

of the Pogy member, at "Bald Mountain Falls," and on the 

northeastern summit of Bill.fish Mountain. The porphyritic 

tuf.f is characterized by the presence of undeformed shards 

in thin section and the absence of flattened inclusions in 

hand specimen. It is thus believed to have once been vitric 

tuff. 

At the base of the Horse Mountain cliffs the non­

compressed tuf f is no more than two to four feet thick and 

grades up into welded tuff. It is underlain by tuffaceous 

sediments or the Matagamon formation. In hand specimen it 

is a medium to light bluish-gray to greenish-gray porphyritic 

felsite with phenocrysts of quartz and feldspar and numerous 

lithic inclusions. The percentage of phenocrysts varies 

considerably and may be as high as 40 percent. In one 

thin section the shards, although d0vitrified, are as well 
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preserved as any the author has seen from any rock of any 

age (fig. 43}. The shards average O.l to 0.2 mm in length; 

the largest observed was about one mm long. Numerous 

shards enc lose unruptured bubbles which are mos tl;r 0.1 to 

0.2 mm in diameter (fig. 42). These bubbles are now filled 

with quartz (one crystal or several) and the former cavity 

wall is 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 underlying sandstone of the Matagamon formation 

and the overlying massive lapill1 tuft which makes up much 

of Bald Mountain. The porphyritic tuff contains about 20 

percent angular crystal fragments of quartz, s anidine 

(2V = 25°) and plagioolase. The ratio of quartz to feldspar 

is about 2: 1. Another 20 percent o onsists of angular 

lithic fragments. Most of the lithic fragments are felsite, 

but sane 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 summit of Billfish Mountain is unlike any other 

observed wit bin tbe area studied. Unoriented and un-

flattened shard-like greenish-brown fragments are set in 

a bone white matrix or" weathered reel< (fig. 45). The out-

crop also contains numerous scattered and unoriented 

fracmen.ts of light gray .. green banded f els ite, which are as 

much as 18 inches a.cross. Other rock types present a"!long 

the frac;ments include a subgraywack:e, which is probably 

f'roM the Matagamon formation, and quartzite. The la1•ger 

frasMents of all types are usually rounded, but the smaller 

onss are angular. This tuff is overlain by a welded tuff. 

The nature of the contact between then is unknown. 

The stream flo·uing north into Middle Fowler Pond 

on the west side of Bald Mountain flows over a striking 

70 .foot cataract at an elevation of about 1100 feet (C 36-24). 

The cataract, which for convenience is herein called Bald 

Mountain Falls and :ls so labelled on Plate 1, is formed by 

interbedded porphyritic tuff (fig. 44) and soft dark-Gray 

fissile, shale. These beds have a total thickness of 80 to 

100 feet and dip steeply west (50 to 60°). They are over-

lain by welded tu.ff and the base of the succession is cut 

out, in the stream bed, by a major fault. These rocks 
( 

probably represent subaqueous pyroclas tic deposition in a 

local basin. The interbedded porphyritic tu.ff and shale 
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have not been found elsewhere. 

The 5.ndividual porphyritic tuff beds at Bald 

Mountain Falls are crudely sorted as to the size of the 

sbards present, tr2 percentage of phenocrysts (up to 35 

percent} and the size of the phenocrysts. TP~ 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 sider1te), perhaps related to the fault, and 

by highly carbonaceous inclusions. 

NON-PORPHYRITIC TlJFF: Very dark-gray massive 

felsite containing no phenocrysts forms two small outcrops 

100 yards apart in a small stream at the southwest end of 

Fogy Notch (SC 08-30, elevation 1440 feet). In thin 

section the tuft is similar in appearance and mineralogy 

to the ground.mass of the normal porphyritic i'elsit e. The 

felsic minerals (0.005 to 0.010 mm) display very indistinct 

grain boundaries. Although they appear to be equidimensional, 

they have a noticeable preferred orientation as determined 

by the gypsum plate. The relati onshlp of this preferred 
', _ _, 

orientation to the outcrop is not known. The other minerals 

consist of subhedral grains of magnetite (0.002 to 0.005 

mm) and flecks of biotite (pleochroic, light tan to greenish 

brown). The magnetite grains are typically in open clusters. 

It is notable that the mai'ic mineral in this rock is 
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biotite rather than the usual chlorite. Very fine-grained 

non-porphyritic laminated tuff of the Black Cat member from 

south Traveler Mountain also contains biotite. The presence 

of biotite in these two non-porphyritic tuffs may be either 

a primary mineralogical fea~re, or, becuuse both occurrences 

are near the Katahdin granite, a 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 g1•oundmass. Because the non-

porphyritic tuff has not been found.· elsewhere, however .. 

the origin of the biotite carmot at present be ascertained. 

In thin section the rock is seen to be much 

fractured. The fractures have b·een filled with felsitic 

material leaner in biotite and magnetite tl::an the rest of 

the rock. 

Because. no banding is pre sent in either the hand 

specimen or thin section, this rock is believed to be a 

tuff rather than a lava or a welded tu.ff. The pyroclastic 

material was probably very fine ash or dust. Perhaps 

further exarninat!.on of tl')3 outcrop ivould show a coarse 

stratification. 

UVA: The only unam~iguous lava within the Pogy 

member is on Trout Brook Mountain. Here the lava forms at 
/ 

least three major flows with an aggregate thickness of 400 

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 columns 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 is visible in the weathered 

outcrops of all the lava (fig. 47). Scattered unoriented 

inclusions of banded felsite may also be visible and these 

disrupt the flow banding (fig. 48). Even in too hand 

specimen, the banding appears to be very delicate and 

stands out on the weathered surface 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 a re extremely long relative to their width. They may 

pinch and swell along tb~ir length. Oliver (1954) 

suggested that one way to distinguish welded tuff from lava 

is that the former should have platy lenticules, whereas 

the latter have pencil-shaped lenticules. The lenticules 

in the lava on Trout Brook Mountain, however, are planar 

features. In thin section, the lenticules look much like 

those from the Black Cat member and their origin is 

probably the same. (See p.157). They ha.ve axiolitic 

borders, quartz and chlori te cores, and the thicker ones 

show the remnants of spherulites in their centers. 

Crystallization of tbe axiolitic borders and spherulites 
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must have occurred after the lava had come to rest, because 

the axiolitic fibers and spherulites can be seen cutting 

across flow banding (fig. 49}. 

The lava contains 5 percent phenocrysts of which 

90 percent are feldspar (only plagioclase identified), 5 

percent quartz and 5 percent altered rnafic phenocrysts. 

(See table 2). Garnet is present in one of the two thin 

sections made from the lava. It is pale pink, compJe tely 

isotropic and is a rounded remnant (0.5 mm across) in the 

middle of an alteration zone with a total diameter of 1.5 

mm.. The alteration products include chlori te (washed out 

appearance, very low birefringence), some shreddy biotite, 

(strongly pleochroic, X = light brown, Y and Z =brown) 

calcite, opaques, and sericite. The alteration zone is 

hexagonal in shape and the flow banding wraps around the 

entire area. (fig. 49). There is no reason to doubt that 

garnet is a true phen.ocryst in the lava. 

The felsite at an elevation of 1100 feet on the 

northern slopes of Trout Brook Mountain (C 33-52) is 

pinkish red. This felsite may be the oxidized top of one 

of the flows and indicate its subaerial origin. 

VOLCANIC BRECCIA: Volcanic bre ~cia containing 

randomly oriented banded felsite fragments crops out at a 
/ 
number of places on the northwestern slopes of Wassataquoik 

Mountain. This rock is unusual in tba t it contains visible 
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pyrite and an unusually large amount of garnet (several 

crystals visible in one hand specimen). This breccia has 

not been studied in detai 1 because of i"f;s poor exposure and 

the inaccessibility of the area. Its origin is unknown, 

but in view of its proximity to the body of granophyre on 

the west ridge of Wassataquoik Mountain, it may be related 

to a vent. 

Another volcanic breccia and lapilli tuff have 

been observed at a number of localities on Bald Mountain 

(T.5N., R.9'.i). The origin of these rocks in not known. 

FELSITE OF UHCERTAI U ORIGIN: Except for roe ks 

such as laminated tuffs which are clearly recognizable in 

the field, the felsite is subdivided into texture types 

almost entirely upon thin section criteria. _The major 

s~~ortcoming of this procedure, of course, is that the 

resulting geologic map is a sample map rather than a field 

map. During most of the mapping, however, 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 

conclusion as to its origin. Nevertheless, it has not 

been possible to detennine whether some banded felsi te is 

lava or welded tuff. There are two reasons for this 

ambiguity: 1) some specimens are so greatly altered that 

the only clear textural feature is a crude banding; 2) in 
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otters the texture is well preserved, but has characteristics 

of both flow banding and the banding of welded tuff. 

Little 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 

samples of the Pogy menb er. One of the two analyses of 

the Traveler felsite presented by Smith (1930) was of a 

sa~ple of the Fogy member with ambiguous texture. 

Samples Nos. KT 372 (s:J 28-15) and KT 374 (S~'/ 26-14) 

from the cliffs of South Por;;T Mountain overlooking Wassa­

taquoik Lake, are excellent examples of felsite with well 

preserved but ambiguous texture. The compositions and 

structural states of plagioc19.se from both these samples 

have been determined. (See p.267). Both samples display 

excellent banding. They contain lenticules very rich in 

magnetite, some of which are nearly opaque. Phenocrysts, 

typically in aggregates, are found in the thicker of tbe 

dark lenticules. They may possess very irregular, ragged 

borders and internal banding, some of which is convolute 

(fig. 50a). These features would appear to have been 

caused by flowage. On the other hand, the banding in the 

groundmass is not smooth and continuous (See fig. 60), 

and small magnetite rich lenticules resemble .flattened 

shards (fig. 5 Ob ) • 

Spherulites are present in certain banded portions 

of the groundmass. Thus, whatever tbe origin of the banding, 
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Jigure 42a. ( K'f 15~j, K · 13-,;5). Porph~rri tic tufr from the 
ta.se of the ·rraveler r'elt>i te { Pogy me:-.te1·) at ::orse 
;":ountaj_n. Some shards contain unru:otured bubbles now 
fillec~ with quartz. 'l'he :t:or·rn.cr cavity wrtll is lined with 
chlorite and potassic feldspar. X 32. 

i?isure 42b. (KT 15~), EC l~i-45) • 
42a, but with crossed nicols. 

The same view as figure 
x 36. 
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:'igure 43. (KT 15~3, EC 13-45). Porphyritic tui'f from the 
base of the Traveler folslte (?ogy member) at Horse 
l<fountain. crhe same thin section as .fi,sures 42a and 42b. 
The principle mineral in the sbards is saponite. X 38. 

:•'igure 44. (KT 3.5•1, C 36-24) Porphyr 1 tic tuf f of the Pogy 
member, Traveler fels i tc 1'rom 3ald :fountain ?alls. The 
dark patches are carbonate. X 38. 



.·'igure 45. Porphyritic tu.ff of the Po;zy member, rrraveler 
felsi ta from the northeastern s 1_ur.mi t or Hllflsh 
Mountain (EC 8-31). Most of the inclusions a.re felsite. 

l"igure 46. ?rominent lava flows or"' the Pogy mernber, ?raveler 
felsite on the south side of Trout 3rook ~ountain. 
Columnar jointing is evident. rhe picture was taken from 
the 1416 foot knob west of Littlerield Pond. 
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."i:o:i.i.re 47. (Kl1 507). Chao tie flon banding in lava o.'.: ... the 
Po,'};Y member, 'l'ra veler fels ite from the ~mr.lrli t of 'Prout 
Brook .Mountain. 10 cm scale. 

F'igure 48. (K.Lt 139, C 36-46). :''lo\'! banding in lava. o:f the 
Pogy member, ·rraveler felsite from Trout ~rook .Mountain. 



.·'i.:;ur'e 4-9a. \ ~(1 13U • 
lit1c lenticule in 
f2lslte froLl Trout 

j_ 
~ ~S--i.o). F 1ow lii.:.id.lng and spueru-
la va. of the ?ogy member, Traveler 
Groo1{ :,'.ow"'ltaln. X 32. 

?igure 49b. (KT 139, C 36-46). Garnet phenocryst in lava 
of the ?ogy me:;nber, ·1'raveler felsite l'rom l1rout .Brook 
Mountain. :fote that the flow banding wraps around the 
phenocryst. The same thin section as figure 49a. X 32. 



?i3~re 50a. (XT 374, SW 26-14). Banded lentloulc rich in 
1-:--..agnetlte in felsite o.:· uncertain origin fr·om So.,J.th 
Pogy }fountain; ?o:;f member, Traveler f'elsi te. 'fhe pheno­
crysts are plagioclas~. X 32. 

,;·1gure 50b. (KT 374, SW 26-1•1). J,'a.gneti te-rieh bodies 
resemblin1:::; shards in felsi te of uncertain origin from 
South ?o;<;,y ~viountain; Po::;y nember, Traveler .'elsite. Same 
thtn section as fi::;ure 50a. The phenocrysts are quartz 
and pla._;ioclase. '1. 32. 
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the spherulites must have crystallized after cessation of 

all movement. 

WELDED TUFF SHEETS OF TEE POGY M..~IBER AND THEIR 

ORIGIN: On the basis of samples collected, it is believed 
~ that the bulk of the Pogy member is welded tuff. Although 

the welded tuff has not been ~.apped in detail in the field, 

it appears to occur in sheet-like bodies characterized by 

the presence of crude columnar jointing. No internal 

stratification other than foliation caused by lent icules 

and the deformation of shards has been observed within the 

sheets of welded tuff. The predominance of discrete shards 

in most of the welded tuff indicates that the depositing 

medium was neither a lava flow nor a f oa.m. The presence 

of deformed (welded) shards and columnar jointing, and the 

absence of well-defined internal stratification indicates 

that the welded tuff was emplaced more rapidly and at a 

higher temperature tban an air-fall pyroclastic rock. The 

welded tuff, therefore, was almost certainly en.placed by 

particulate flows or pyroclastic avalanches, i.e. by ash 

r lows. 

Individual ash flows have not been mapped within 

the Fogy member. Roughly tabular bodies of welded tui'f, 

however, have been ob served on Billf' ish Mountain, Horse 

Mountain, and in the valley south of Sable Mountain 

(T.5 N., R.9 W.). It is not known waether 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 bodies of welded tuff in the Fogy merrber 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 complexities 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 more of tbe zones 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 studied than the vertical variations. 

There is some evidence that zoning is present in 

the welded tuff sheets of the Pogy membei-. 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 lithification and complete devitrification. 
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Most of the evidence that remains is visible only in thin 

section. However, there are pronounced differences in the 

flattening of shards in thin sections from the same 

locality and presumably from the sar.:ie welded tuff sheet. 

At the base of the Fogy member on Horse Mountain 

(EC 13-45) porphyritic tuff forms a thin zone that grades 

up into welded tuff. This zone is 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 air-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 localities, the northeastern surnmi t of· 

oillf ish Mountain and the s cu theaste rn peak of the Black 

Brook Mountains (SW 26-55), outcrops of welded tuff con­

taining slightly deformed shards are overlain by welded 

tuff, containing more highly deformed shards. The welded 

tuff containing the less deformed shards probably represents 

the uppe~ part of one welded ash flow and the other welded 

tuff probably represents the lower part of an overlying 

welded ash flow. 

As a suggestion for future work, it would be 
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interesting to know if evidence of zoning by deuteric 

crystallization is preserved. Perhaps spherulites are 

restricted to certain poPtions of the welded tuff sheets. 

It may also be possible to observe in the outcrop a vertical 

change in the a.mount of flattening of pumice fragments. 

The author's experience to date is that pumice fragments 

cannot be recognized with certainty in the field. There 

is no question that younger volcanic rocks offer more 

fruitful grounds for studying the zoning in welded ash 

flows. 

The mooe of eruption that produces an ash flow is 

usually thought to be one of the various types of nuee 

ardente, a term first used· by Lacroix in 1904 to describe 

the eruptions observed on Mt. Pelee in 1902 and 1903. The 

essential features of a nuee ardente eruption, 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 

gas bubbles at some point in the eruptive process. The 

physical state of the ash flow during emplacement is a 

highly mobile suspension of viscous liquid or so lid in a 

gas. 

The suspension is certainly heavier than air and 

moves down-slops by gravity. Mackin (1960) has referred 

to the nuee ardente as a density current. Some authorities 
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(Fenner, 1923 and Ferret 1 1935) believe that continued 

ex:solution 9f gas during flowage adds greatly to the 

r:iobility of a nuee ardente. McTaggart (1960) suggested 

that the entrapment of cold air may be a major factor in 

the extreme mobility. 

The density current or ash flow is accompanied by 

a large black gas and dust cloud, the lower part of which 

is usually red and glowing. It is this incandescence which 

attracted the attention of most early workers and from the 

impressions caused by this cloud, the names "nuee ardenten 

and n ignirib rite 11 are derl ve·d. It is now gene rally 

recognized that the bu ll:c of the deposl ti onal material is 

carried not by the cloud, but by the density current, ash 

flow, or glowing avalanche beneath the cloud (Smith, 1960a, 

p. 803). The ash flow grades up into the cloud. Anderson 

and Flett (1903, pp. 494-495) compare the relationship 

between the ash flow and its accompanying cloud with an 

Alpine snow avalanche and its accompanying cloud of snow 

and air. Several objections have been raised to the use 

of observed 'Jest Indian nuees ardent es a.s a model for the 

node of eruption of pre-historic ash flows,. First, most 

of the ash flow sheets in the geologic column cover much 

L:irger areas than any deposits produced by the observed 

nuees ardentes. As an extreme example, Mackin (1960) has 

l"eported ash flow sheets in southwestern Uta.'1-i with an 

areal extent of 10,000 square miles. It is not known 



130 

~hether such a sheet represents one or many ash .fl~ws. 

Another difference between tte deposits of the 

·":est Indian nuees ardentes and other ash .flows is the 

average slope of the base of the flow. This may in part 

be a consequence o.f the relatively short distance traveled 

by the West Indiun nuees ardentes. The volcanoes from 

which they came are close to the shore line. 

A third difference is tl11:1t no observed nuee 

ardente has resulted in u welded ash flow. Smith (1960a, 

p. 810) has suggested that th is may be a dire at consequence 

of tb~ small size of the deposits formed by the observed 

nuees ardentes, relative to the welded ash .f'lows in the 

geologic column. Boyd {1961) has demonstrated that it is 

therm.odynamically reasonable in a subaerial rmee ardente 

for the ejecta to retain sufficient heat to deform and weld 

together after emplacement. 

The details of the welded tu.ff sheets of the 

Traveler felsite have not been suf'fic1.ently studied and 

may not be sufficiently well preserved to contribute much 

to the~ concepts of the mode of erupt L:m or ash flowu in 

>Ser..eral, or of those particular ash flows specifically. 

Ho;.iever, because the known features of the welded tu.ff 

sheets or the Fogy member are si.mil;,;;.r to the cbaracter1stics 

of :roun<:;e1"', better preserved welded ash i'lc:Ms, it is 

believed that the nuees ardentes observed in the :lest Indies 
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a.nd the eruption which produced the "sand flow" of the 

Villey of 10,000 Smokes offer the o losest approach in 

modern times to the eruptive mechanism that produced the 

welded tu ff sheets of the Pogy member. 

Because of the geosynclinal environment of the 

Traveler 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 

wtethe r any ash flow can be subaqueous. The author believes 

that a."'1 ash flow can neither form from a subaqueous 

er1_1pt!on nor maintain its character in a subaqueous 

environrr..ent. The reasoning leading to this conclusion and 

supporting data on the known environments of deposition of 

other ash flows a.re presented in Appendix A. 

3LAC"K CAT !1'.EHBER: The Black Cat member is defined 

by its stratigraphic position above the Pogy member and by 

the absence or scarcity of quartz phenocrysts. It is named 

fron exposures on Black Cat Mountain. It crops out in a 

broad belt from Squirt Dam Mountain eastward to Traveler 

Mountain and occupies a a true tural 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. 9·:1.) are interpreted as outliers on the Pogy merrber. 
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The outcrop of th9 Black: Cat member on Trout Brook (WC 

27-24) 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 it is probably unconformable to the west 

in the vicinity of Sable Mountain. 

The Black Cat member is probably more uniform than 

the Pogy member. Nearly all specimens studied are flow 

rocks. The other rocks present are mostly restricted to 

the lower portion of the member and include flow breccia, 

welded tuff, laminated tuff and laminated crystal tuff. 

Because the stratigraphy and structure within 

the Black: Cat member are not lmown in detai 1, 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 northeast dip (avera~e 

value, 25°). If one assumes that there has been no 

repetition of units by faulting, the Black Cat member is 

probably at least 6,ooo feet thick. 

LAVA: Lava occurs throughout the outcrop area of 

the Black Cat member. Excellent exposures are found on 
_,,,---·· 

the eastern slopes of Black Cat Mountain and on North, 

Center and Pinnacle Ridges of Traveler Mountain. 
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Individual flows have not been mapped in the field. 

The flows are not easily distinguishable from one another 

and separating them would require long and detailed 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 criteria 

which might 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 aeries of prominent outcrops. 

Their continuity is more apparent when viewed from a 

neighboring mountain or ridge than from the actual outcrop 

(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 is usually better developed than in the compressed 

tuf f of the Lower member. Figure 52 shows some typical 

colurrins about one foot in diameter 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. This phenomenon is 

prob~bly ca.used by continued motion of a very viscous lava 

after partial solidification. 



i?ismre 5la. La\1e. flo~rs o.f' the 3lal)k C'.at member, Traveler 
~,""'"'lsiti:- on ~lar>!· r'"'t -,:;;_.,unh:.in ~ 0 "''"""n f'ro"'·1 t11.-" ,-,p ... ,_er .r...... 'O - .,.._\. JC. r: .. ~. J.. J·.- -· ..;-:. .... l;Jlt...... -· J. _, __ ... > ~.J ...... ~.J ... : 

;'Udge o•~ the T::>~-'tV·~ lc;r. ·:".'le ltt 1:e ls ip'.)(~l" c;ou t 11 ;ranch 
Pond. 

- . - -
~igure 5lb. Homoclinal sequence, dipping to the left and 

away from the observer, of lava flows on Center(left} 
and Pinnacle ( z•ight) rid3es of' 'lhe Traveler as seen 
from the northern su.mmi t of Black Gat l::ountain. The 
SlJl!DI!it of ·:rihe Traveler is Yieible in the center bacl:::­
:.!.round, and Up;JE:ir South ;~ra:z:.ch .?ond a.p:)ears a.t tt.e 
bottom of the picture. All rocks in the picture belong 
to the i:3lack Ua t member, '.rraveler felsi te. 



;<igure 52. '~olu:rmar ,jointin;; :!.n lava of the black '~at mem­
:.;er, Ira.veler .. 'els::..te. .'.noos east o;.:"' ,;iL.'ortl Lrook. 

,;'igure 53. Columnar jointin3 in a thick l about 3JO i'eet) 
lava .flow of the Black Cat member, Travel6r· felsj.te. 
'l'he p1ctul'e was takfm r'rom :Jpper South drsr;.ch :'end 
looking at ~;enter ilidge. N&.rth Hidge of' iforth 'i'raveler 
Mountain appears in the back,sround. 
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Megascopic Description: The rock is dense, hard, 

and flint-like, breaking with a conchoidal 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, 

all less than 3 mm in diameter. Small euhedral feldspar 

phenocrysts, 1 to 3 mm in length are the most abundant. 

They are cha.racteristica lly milky white or greenish white, 

but in the darkest felsite may be glassy. Much of the 

feldspar may be identified in the hand specimen as plagio-

clase by the presence of albite twinning striations or by 

the greenish saussuri tized cores of the weathered ones. 

The feldspar phenocrysts commonly weather out leaving 

rectanGular pits. Next in abundance, although not always 

obvious, are mafic silicate phenocysts. These have usually 

altered to soft, dark, equidimensional knots, 1 mm or less 

across, which effervesce in dilute HCl. Occasionally, black 

pyroxene or biotite is observed in the freshest rocks. 

Equidimensional quartz phenocrysts, 1 to 2 m.~ in diameter, 

constitute a few percent of the phenocrysts tn some speci­

mens, while in others they are completely lacking. 

The lava typically· contains lenticules ~~ somewhat 

lighter in color than the rest of the groW1dmass (figs. 54 

-s A lenticule is a small lens -shaped body in a 
rock mass (Am. Geol. Inst., Glossary, 1957). 
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and 55). These lenticules may make up as much as 20 percent 

of the felsite and range in size from thin wisps, barely 

visible, to sizeable ones 3 feet in length and 2 inches 

wide. The ratio of length to width ranges from 2:1 to 30:1. 

Small lent ic ules, in dif faring quantities, are ubiquitous, 

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 section the lenti-

cules have wavy outlines and may be warped around phenocrysts 

in the groundmass. The lenti cules may bifurcate and usually 

terr.iina te by wedging out or fingerins out into the ground-

r.iass. 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 

usu ally best observed on the weathered outcrop, where the 

lenticules stand out in bold relief or have weathered to 

a darker color than the inc losing groundmass. Oliver 

(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, More will be said 

of this later. 

Inclusions of llthic fragments other than the 

lenticules are extremely rare in either tho hand specimen 

or thin section. 
,,,--

However, srr..a. 11 angular inclusions, up to 

a few mm in diameter, of felsite and graywacke have been 

observed. 



Microscopic Description: 35 thin sections of 

lava from the Black Cat member were examined. The thin 

sections reveal small phenocrysts of plagioclase and 

pyroxene. Biotite 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. Representative modes are presented 

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 embaye d by the 

groundmass. Although other twins are found, t~ 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 severa 1 percent of' the area of a phenocryst 

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

ilmenite, occur to a lesser extent. 

The plagioclase phenocrysts are typically zoned, 

although unzoned ones are fairly common. All zoned pheno-

crysts tested show an overall increase in Na-content from 



TABLE 3 
, 
,·Estimated Modes of Phenoc1 ... ysts 

in the: Black Cat Member, Traveler Felsi te 

I 

1. ! 2. 3. Lt.. 5. b. 7. -B. 9. IO. 11. 12. 11. lli. 
I 

Total percent 
lOa 14b 18° 15 71d Phenocryst3 in Rock 15 . 10 10 12 10 10 30 12 7 

Mineral constitution 
of Phenocrysts 

Quartz tr tr tr 2 2 9 
Pla.gioclase 90 85 73 66 75 71} 75 15 82 85 68 80 76 76 
Maf ic Silicates 8* 13 18 23 20 20 19 ~i:- 10~: 25 9 

Clinopyroxene x x x 10 x x x 7 
Biotite x x 10 5 x x 7 
Hornblende 10 
Garnet x(tr) 
Fayallte tr 

Opaque Minerals** 1 2 8 11 5 5 5 6 3 3 5 2 13 10 
Accessory Mina~als 1 1 l***' Apatite \ 1 tr x tr tr x tr tr tr tr tr tr x x 

Zircon tr tr x tr tr x tr tr tr tr tr tr x x 

a. Point count. Phenocrysts represent 206 points out of 2000. 
b. Point count. Phenocrysta represent 282 points out of 2000. 
c. Point count. Phenocrysts represent 178 points out of 1000. 
d. Point count. Phenocrysts re present 356 points out of 500. 

·~ Completely altered. 

** Includes both magnetite and ilmenite. Some may be secondary. 
*** Accessory minerals as inclusions in megacrysts not counted. 
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TABIE 3 (Continued) 

1. (KR 56 1 C 01-25) Lava from an elevation of' 900 feet on 
South Branch Ponds Brook. 

2. (KR 115, ·,.:re 36-17) Lava from the low knobs on the north 
side of Black Cat Mountain. 

3. {KR 116, ;JC 38-16) Lava from tr:e low knobs on the north 
side of Black Cat Mountain. 

4. (ICT 208, SE 05-515) Lava from 2230 feet on Haskell Brook 
on the east side of The Traveler. 

5. (Tr 236, SC lLi.-57) Lava from 1520 feet on the west end 
of Pinnacle Ridge. 

6. (K'r 242, C 06-05) Lava from 1870 feet on the east slopes 
of Black Cat Mountain. 

7 •. (~{T 297, WC 20-12) Lava from 1160 feet on the north 
slopes of Black Brook Nountain. 

8. {KT 4h5, C 16-18) La ya fror.i 1620 feet on the east ridge 
of Big Peaked Mountain. 

9. (KT 470, C 37-06} Lava from 2450 feet on the northeast 
slopes of "Middle 11 Traveler Mountain. 

10. (Average of three thin sections) Felsi te from Sable 
:Mountain, T .5N., R • 9W. 

11. (K'l1 !~lh, SC 35-38) Compressed tuff' from 2380 feet on 
the north side of Traveler Gap. 

12. (KT 424, SE 04-42) Compressed tuff from 2200 feet on 
the east side of The Traveler. 

13. (KT 418, SC 345-32) Laminated crystal tuff from 2530 
feet on the south side of South Traveler Mountain. 

14. (KT BCS-1, SC 37-415) Lava from the 3060+ foot knob 
north of Traveler Gap. 
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core to rim, and are in this sense "normal." The composi­

tion change may be continuous 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 shell between two reversals, shows a continuous 

increase in Na-content outward and is usually bounded by 

euhedral surfaces. The compositions of t~ 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 .felsite and their compositions deter­

min.ed optically. The technique is dis cussed in Chapter IV 

and the results of the study are presented in table 8. 

The greatest compositional range observed in one hand 

specimen observed is 19 percent An, , the average range 

is 14 percent An, and the average composition is An4a• 

From this study, there is no evidence that the An 

content of the plagioclase phenocysts changes systematically 

stratigraphically upward within the Black Cat member. 

As stated previously, there ia 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 identity them 

positively as plagioclase. Fine grained white mica 
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(ffsericiten), kaolinite, calcite, e11nozois1te, and ehlorite 

(commonly veining the plag1oolase along cleavages} have 

been observed as alteration products. The following 

assemblages of' alteration products are common: 

ser1c1te + calcite + chlorite 

aericite + calcite 

sericite + olinozois1te 

sericite + kaolinite + calcite 

sericlte + chlorite 

'fhe ohlorite (prochlorite ?) is characterized by its moderate 

birefr1n~ence and ita distinct pl9ochro1sm, X and Y = fairly 

bright grass green, Z = light yellow green. 

No sanidine phenocrysts were observed in thin 

section. However, in lootdng for the lowest ot...' or the 

plag1oclase from sample KT 208, several fragments of feld­

spar with all indices less than 1.5J were found. Sanidine 

phenoorysts in the flows of the Black Cat member are 

extremely rare, h~~evar. 

Quartz phenocysts are sparingly present in about 

half of the thin sections of the Black Cat rnerrher. I.f 

present, thay may make up as much as 10 percent of the 

pehnocrysts, but usually less than 5 percent. They are 
( 

sub he dral to euhedral 1 n aha pe or r ragmen tad; many are 

corroded. In general they are smaller than the plasioclase 

phenocrysts (average size O.l to 0 .. 2 mm) •. At least some 
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of the quartz is slightly biaxial. 
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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 

inclusions have been observed. The solid phase in some of 

the inclusions is probably ohlorite. Inclusions of ground­

mass have also been observed within the quartz phenocI'ysta. 

In three dimensions,. however, these may well be embayments 

rather than inclusions. 

Typically 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, pyroxene is both ubi­

quitous and typically the most abundant. Biotita constitutes 

a significant percentage of the mafic phenocrysts in some 

thin sections. Rare grains of olivine, presumably fayalite, 

have been identified in a very few thin sections. The mafia 

silicates are partly or wholly altered in all but the 

freshest rocks and in several thin sections it has not been 

possible to identify with confidence the original ma.fie 

silicate. The altered ma.fie phenocrysts in some thin sec­

tions are surrounded by a zone rich in a very fine grained 

chlorite. This zone grades out into the groundmass and 

typically extends .farthest parallel to the banding. 

Clinopyroxene phenocrysts are present in all thin 

sections which contain ma.fie silicates freshlenough to be 
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identified. In most thin sections it is the only primary 

mafic silicate identified. Pyroxene is usually the dominant 

maf ic silicate and c omprisea 5 to 35 percent of all pheno­

crys ts (most commonly 20 percent). The pyroxene occurs as 

light greenish gray, very slightly pleochroic, stuby 

prismatic crystals up to 2.0 mm long but averaging 0.2 to 

0.3 mm. Many of them are fragmented. Twinning on (100), 

either simple or polysynthetic, is fairly common, and zoning 

is observed in some. Small prismatic crystals of apatite 

and zircon and grains of opaque minerals occur within the 

pyroxene phenocrysts. Pleochroic 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 compositions of pyroxenes from 3 samples 9 · were 

determined optically. (See Chapter IV.) These data are 

presented in table 9. The average composition in mol 

percent 1s wo30En
28

Fs42 (ferroaugite). 

Much of the pyroxene is partly or completely altered. 

The alteration products are varied and include chlor1te, 

calcite, magnetite, epidote, clinozoisite, sericite, limonite, 

and very fine grained amphibole. The chlorite is probably 

-9 Plagioclase 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 distinct pleochroism, X and Y = £airly bright gray green, 

z = light yellow green. In some specimens, the pleochroic 

halos surroundin3 zircon are also found in the chlorite. 

Pelted masses of chlori te speckled with grains of magnetite 

are common as pseudomorphs after pyroxene. Pyroxene may 

also be replaced by slightly pleochroic (very pale greenish 

yellow to colorless) clinozoisite. 

In several th:tn sections the pyroxene is partly 

or completely altered to a mixture of chlorite, magnetite, 

+calcite, and contains rounded, monomineralic colorless to 

light-tan bodies of clinozoisite (fig. 56). The clinozoisite 

appears isotropic or nearly so and has distinctly higher 

relief than chlorite. The average index of refraction 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 acme 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 interference colors, and is slightly pleochroic 

(colorless to light yellow green}. The author now believes 

that all of the rounded bodies are clinozoisite. 
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Subhedral biotite phenocrysts, O.l mm to 1.0 mm 

in diameter, have been identified in 10 thin sections. In 

severa 1 thin sections bi otite is as abundant as pyroxene 

and may make up as much as 15 percent of the total pneno­

crys ts. Some of the biotite is corroded. Inclusions of 

apatite and zircon {surrounded by pleochroic halos) are 

common. The biotite is strongly pleochroic, X = yellowish 

tan, Y and Z = dark brown or brown green. The ~ index of 

biotlte hand picked from tbe heavy mineral concentrate of 

KT 236 is 1.661 !0.003. 

In one thin section biotite is apparently replac­

ing pyroxene. A subhedral. biotite phenocryst has a mutual 

boundary with plagioclase on one s lde and one portion of 

the biotlte crystal contains many 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 

biotite, moderate birefringence, parallel extinction and 

very weak pleochroism (colorless to very pale green), is 

present in one biotlte phenocryst. 

Apatite, zircon and opaque minerals are present 

as accessory minerals in the lava. Apatite occurs as tiny 

needles or as prisms 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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ma.fie silicate phenocrysts. Common~y they make up 1 to 3 

percent of the area of tbe plagio~lase phenocrysts. Zircon 

may be either 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 silicate phanocrysts. 

The grains are characteristically O.l mm or less across, 

but may be as large as 0.4 mm. Both magnetite grains and 

ilmenite plates are present in most thin secti~.Ll!l. The 

identity of magnetite is confirmed by the magnetic suscept­

ibility of the crushed rock, and theidentity of ilmenite 

by the shape of the crystal plates in the heavy mineral 

fraction of tP£ crushed felsita. 

Many, but by no means all, of the phenocrysts in 

the lava of tha Black Cat member occur in growth aggregates. 

The aggregates may be monomineralic or composite (fig. 57). 

Plagioclase, pyroxene, biotite ani opaques occur in the 

aggregates either singly or in any combination, although 

biotite alone and biotite 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 

equidimensional or slightly elongate grains co.05 to 0.10 mm) 

of plagioclase and pyroxene (fig 68b). Aggregates of this 
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sort up to several mm across have been observed. In general, 

bow-ever, the aggregates consist of a few larger phenocrysts. 

The constituent phenocrysts usually have euhedral 

boundaries against the groundmass, but mutual boundaries 

against each other (fig. 58). This suggests that sma 11 

phenocrysts, relatively close to one another in the magma 

prior to eruption, were drawn together, perhaps by surface 

tens ion. They then continued to grow while in con tact 

with one another. The author believes that such aggregates 

are more likely to occur in a lava flow than in an ash flow. 

It wculd seem that most aggregates of the irregular shapes 

observed (fig. 58) would have been broken apart during the 

vesiculation and rupturing of the bubbles required for the 

formation of an ash flow. Emeleus and Smith (1959) have 

described similar aggregates from granophyre ring dikes of 

Slieve Gullion, N. Ireland. 

The ground.mass of the lava is oharacter1stically 

grayish tan and consists of a holocrystalline but very 

fine-grained mossaic of felsic and mafic minerals. The 

color becomes darker as the amount of opaque minerals in 

the groundmass increases relative to the amount of chlori te. 

Because the plagioclase phenocrysts are least altered, and 

the primary texture is best preserved in the felsi te with 

the darkest groundmass, it is believed that chlorite has 

developed at least partly at the expense of opaque minerals. 



Grain boundaries between the falsie minerals are 

indistinct, and may best be observed under crossed nicols 

nith the gypsum plate inserted. The average grain size of 

the felsic minerals ranges from 0.005 to 0.01 llh~, and the 

opaque dust may be considerably finer than 0.005 mm. The 

felsic minerals are much too fine grained and much too 

obscured by the mafic minerals to be identifiable micro­

scopically. X-ray diffraction patterns of the chemically 

analyzed groundmass of KT 208 indicate the presence of 

quartz and plagioclase. The groundmass must also contain 

potassic feldspar because the analysis shows 5.09 weight 

percent K2o (table 11 in Chapter IV). Becaqse the mast 

distinctive potassic feldspar peak, the (201), is not 

apparent in the diffraction pattern, it must be masked by 

the (1010) peak of quartz. The position o:f the (201) peak 

of potassic feldspar is a function of the K2o content of 

the feldspar. A loc~tian of the (201) peak such tba.t it 
·~ 

is masked by the (1010) peak of quartz (20.9°28) would 

require that the potassic feldspar, probably orthoclase in 

sa,~ple KT 208, be very nearly pure KAlsi3o8 (D. B. Stewart~ 

oral communication)• The dominant mafic mineral is pale 

green c hlorite of low bire.fringem e. This microscopic 

identification was confirmed by x-ray diffraction. Both 

magnetite and ilmenite are probably present and in the 

lighter-colored groundmass, carbonate and greenish amphibole 
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may also be present. 

Banding in the groundmass is 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 felsic minerals indicating a 

recrystallization of the groundmass. That some of the 

groundmass of the flows was glassy is suggested by the 

remnants of spherulites in a. few thin sections (fig. 59). 

Al though the fe lsic grains are roughly e quidimensi onal, in 

severa 1 thin sections they appear to have a preferred 

orientation with the fast rays parallel to tre banding. 

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 it. They do, in fact, grade into the 

banding at their lower size limit• 

The lenticules therrsalves may actually contain 

linear (or planar?) concentrations of opaques conformable 

with tr.e banding in the groundmass;, Usually, the banding 

in the lenticules is 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 crystallization features rather than original 

inclusions. More will be said of this later• 

The lenticules may be short and stubby or elongate, 



pinching and swelling along their length. The larger, 

thicker ones were selectively avoided in the cutting of 
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thin sections. The lenticules usually terminate either by 

lensing out in a single unit or by feathering out into the 

~roundmass (fig 63). Wispy off shoots are common {fig. 68a). 

some lenticules bifurcate around phenocrysts (figs 6lb and 

6?a). These phenocrysts are separated from the lentlcule 

by an envelope of groundma.ss, and are thus distinct from 

phenocrysts occurring within the lenticules. 

Axiolitic borders are a typical, but by no means 

ubiquitous feature of the lenticules. They consist of 

elongate felsic minerals either fibrous or prismatic and 

usually clouded with chlorite and/or opaque dust. When 

identifiable, the principal mineral is alkali feldspar with 

or withoo.t quartz. Typically the fibers or prisms have a 

length-fast orient at ion. Note that this orientation is at 

right angles to that in the ground.mass. The thinner 

lenticul~s, in addition 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 are thus yery similar in 

appearance to the "drusy cavities" in the Porphyritic 

Felsite, Slieve Gullion area, Northern Ireland (Emeleus and 
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Smith, 1959, figs. 2a and 2b). The thicker ones, in 

add~tion to the above characteristics, may contain pheno-

crysts in about tre same proportion as the groundmass and 

spherulites or the remnants thereof. The spherulites (O.l 

to 0.4 mm in diameter) are composed of radiating groups of 

length rast rods of falsie minerals or all degrees of 

coarseness from vanishingly thin fibers to stumpy crystals. 

In the coarser spherulltes, potassic feldspar and a lesser 

amount of quartz have been identified, and a crude micro­

graphic intergrowth.is typical. Several authors (eg., 

Harker, 1895 and Iddings, 1899) have deaori bed similar 

variations in the c oarsene as or too components of s pheruli tes 

and the correlation of this with tbe prnsence of micrographic 

texture. Apparently- there are all textural gradations from 

course, crude graph le intergrowths of optically continuous 

quartz in optically and physically continuous feldspar, to 

"centric 0 graphic intergrowths in which there is a radial .. 

growth of large sectors of optically continuous feldspar 

(e.g., the quadrant feldspars of Iddings, 1899). The 

"centric" graphic intergrowths, in turn, grade to very deli­

cate radial intergrowths in which the sectors of optical 

continuity become increasingly small and finally to 

spherulites composed of unidentifiable radiating fibers 

with no visible intergrowths. These textural variations, 

in the opinion of the author, are variations in original 



crystallization textures and are not genetic sequences. 

Tiny chlorite specks are usually present in 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 sections, 

lenticu~es with or without axiolitic borders, contain 

rounded felsic bodies which are stippled with chlorite 

and/or opaques, and set in a felsic matrix rich in chlorite. 

These falsie bodies 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 

falsie mineral or minerals in these bodies are too clouded 

with chlorite to identify, but each body appears to consist, 

exclusive of chlorite and magnetite, of a single crystal 

of a falsie mineral. It is believed that they are re­

crystallized spherulites and that most of them are composed 

of feldspar. Similar remnants of spherul1tes also occur 

in the groundmass (f'ig. 59). In at least one thin section 

(KT 244) 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 recrystallized spherulites. If so, one disequilibrium 

texture has recrystallized to another disequilibrium texture. 



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 ra.diolites 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, because these rocks have some characteristics 

attributed by other authors to welded ash flows, it is 

appropriate to present 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 conununication). (Cf. fig. 54 ar1d 55 with Pl. 21K of 

Smith, 1960b.) The banding, though locally convolute, is 

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, again, 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 



I 
l 
I 
l 
I 
I 
i 

155 

first is the microscopic banding brought out by strings of 

opaque dust and chlorite grains and the microscopic features 

of the lenticules. In several thin sections details of 

this banding are so well preserved that they cannot be 

ignored. The author cannot conceive how banding such as 

that in figures 61, 64, 66, 67, and 68a could result from 

welding and flattening of shards. The regularity and 

continuity af this banding are striking in comparison with 

that in the welded tuff. {See figs. 28 through 36). Yet 

there are also microscopic 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 ar:d 67). Certainly there has been some 

flow age. 

There is the possibility that these rocks originated 

as densely welded tufts that flowed after welding and 

compaction. Some of tte smaller lenticules look much like 

the larger flattened shards, with a.xiolitic borde:tts and 

quartz and feldspar recrystallization, from the welded tuffs 

of the Pogy member. {Cf. fig 29 with figs. 58, 63 and 69a). 

Before contemporary theories had developed, Iddings 

(1899, P• 401+ to 406 and 1909, p. 331) believed that 

secondary flowage was a necessary step in the f armation 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 importance. 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 clear-cut evidence of pyroclastic 

origin from so many samples collected from such a large 

area. Further, the type of b8.!J.ding in question {figs. 61, 

64, 66, 67 and 68) is almost nonexistent in rocks of 

essentially the same eomposi tion 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, 

though 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, it is obvious from megascopic and microscopic 

textures that the f lowage was primarily laminar rather than 

turbulent. This observation is consistent with the high 

viscosity of the felsite and the fact that fluids of high 

viscosity usually have laminar flow. Perhaps convolute 

banding is neither a necessary nor an expected feature of 

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

The r ormation of the lenticules may be related to 

tbe concentration of volatile components in the shear planes 

of the laminar motion. Boyd (1957) has suggested that shear 

planes would provide low pressure areas into which volatiles 

might diffuse. The accumulation of volatiles in certain 

layers would favor in those layers deuteric crystallization 

features such as a.xiolitic borders and ~herulites. Some 

lenticules are restricted to the area between two pheno­

cryst s. These probably are formed by the concentration of 

volatiles in the pressure ttshadow" between too phenocrysts. 

The problem of thinness and areal extent of 

individual flows remains. Perhaps more detailed field work 

will show that these observations are in error. Perhaps 

the flows are not simple but are complex, composed of 

several "flow units" (Nichols, 1936). 

Finally, it must be admitted that evidence for 

origin as lava flows is better for some of the 35 specimens 

than for others. There is no a priori reason why all or 

nearly all volcanic :rocks in a sequence probably 6,000 

feet thick should be of the same origin• Some flowage has 

unquestionably occurred in about half of the specimens 

included in this discussion. For the other half, evidence 

is less satisfying. The small elongated irregular felsic 

bodies 1 such as those in figure 69a, could be compressed 



lod 

·1gure 54. {G 01-25). Oi1tcro9 of lava(?) of the Black Cat 
member, Traveler felsi ta .trom alons South :.;ranch Ponds 
Brook showing the typical aµ~earance of the lenticules. 
c•'igure 64 sho·•rn the thin section texture of a specimen 
collected from a neighboring outcrop believed to belong 
to the same rock unlt as the outcrop pictured above. 

?igure 55, (KT 445, G 16-ld). Sawed surface of lavi.t of 
the Blaclc Cat rr:enl:Je!', Traveler fel:Jite showing 
plagioolase and mu fie phenoc?•ysts and lenticules. 
i?igures 67a and 67b are of a thin section cut from 
this specimen. 10 cm scale. 
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l;:i::.,iure ;:)o. ( K'I' 242, C 06-045). Very fine-grained Mono­
mineral1c bodies of clinozoisite replacing pyroxene in 
lava of the Black Gat member, 'rraveler relsite from 
Black Cat Mountain. X 38. 

i'igure 57. (';<:T 297, we 20-12). >:trowth a;sgregates of 
phenocrysts in lava of the 6lack Cat member, Traveler 
felsite from the northern slopes of Black Jrook 
);;ountain. Agcre;;atea of pyroxene alone and pyroxene plus 
plagioclase are present in this picture. t?low banding 
is also visible. X 33. 



: 'ieu1•e 5(3&.. ( T'l' llt) I LC 3;)-lt)) • r'ggre ~~a t:e 0 :' plagioclase 
ant~ rnacnetite pl:enocrysts lr. la~rn. of the ;'htck Cat. merr:ber, 
Traveler ~elsite. It is believeJ ~hat this ty~e of 
aggreEa te should be uncommon in wel:ed tu!'f. X 38. 

····1 5"b (-re>, 11~ "1C '7-8 i··. l' gure d • <\ l I'), " ·:> - ~ 1 • Sane view as figure 58a, 
but with crossed nicols. X 38. 



::igure 59. (KT 2H9, WC 08-04) • !Jroundmass of once glassy 
lava of the ~-3lack Cat mer~fuer, Traveler felsite from 
~~quirt Dam ountain. :'he rounded bodies are believed 
to be remnants of spherulites. X 38. 

i?igure 60. (YT 20B, ;SE 05.-515). Lava. of the Black Cat 
member,, 'fraveler fels i te fro!:! the Eastern slopes of The 
Traveler. Banding is broubht out by lenticules and by 
linear (in thin section) concentrations of opaque dust 
and chlorlte. ::<'ibrou.s amphibole occurs in the core of 
the lar .. :e lenticule. .X. 90. 



~·'igure tila. (KT 208, SB 05-515). 1;·10;,v bandin.::; in lava of 
the Jlac!<: .;at rueF.ber, '·.'raveler rcls5.tE.:. ,:igu.re 60 is an 
enlargement o l' the lmn.cr• right corn~r. :2he white pheno­
crysts are plagioclase. '.:iote the consistant left lateral 
shear al on;~~ the !.'low band in_.; in this f i ,:ure and figure 
6lb. x 32. 

'~:tgure 6lb. (K'r 206, SE 05-515) •. :.·1ow banding and lenti­
cules in lava ot' the 3lack C& t member, 1'ra veler fels i te. 
Same thln section as figure 6la. :fote the lenticule 
bifurcating around a plagloclasP phenocryst. X 38. 
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"'i:;ure o2a. C-<'f - l 16, WG ~53-16). Termin9-tion of a spheru­
lltic lentir.;ule in lava oi:' the black i.:at mem·oer, 'fraveler 
.:t'elsitt; fro.:'l the knobs north of' I3lacl<: Cat ~:ountain. 
Note the bandlnt~ in the ground.mass J~rs is ts through the 
lenticule •. The dark circles are bubbles in the mounting 
medium. Sarne thin section as figtre 58a. X 33. 

~,1gure 62b. (KT 116 1 'NC 38-16). Same vie1; as fi£;,"Ure 62a, 
but with crossed nicols. X 3d. 
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Figure 63. (K~ 409, C 35-04). Lenticule termination in 
lava or the Black Cat member of the Traveler felsite from 
"Middle" 1'raveler Mountain. Phenocrysts are completely 
altered mafic silicate and plagioclase, with apatite and 
magnetite inclusions. In the lower right center below 
the lenticule is an aggregate of s~all pyroxene and 
plagioclase crystals. X 32. 

~t~ljl 
~ 

i?igure 64. (.K.H 56, C 01-25) •. :?low banding in lava from the 
Black Cat member, 'rraveler felsite. The phenocrysts are 
altered plagioclase and mafic silicates. The dark circles 
are bubbles in the mounting medium. This specimen came 
from an outcrop close to the one shown in fisure 54, and 
the two outcrops are believed to belong to the same unit. 
x 38. 



···1 65 f•~ri lf.!(! ~ll" 'C'- - ~) 'l • d• • l f :.:· gure • , .L·.i. v"' 6 ..... ~~ r..;.,,·o-oo • l' ow can ing in ava o 
the ;Black Cat mer:1oer, ':.1raveler felsite from Squirt Dam 
i<~ounta!.n; altered. plat;ioclase a.no :mafia silicate 
phenccr;,rs tn • X 3f..!. 

Figure 66. (KT 300, WC 18-0ll, ~"'low banding in lava of 
the Black Cat member, Traveler felsite from Black Brook 
Mountain. The large phenocrys-1; in the upper left is 
saussurtized plagioolase. x 32 
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7:C:;ure 67a.. ( f<'l.' 4,15, C l&-18). SperJ.li tic len tioule with 
a:x1oli tic borders bifurcating ar·ound a plagloclase pheno­
cryst. '..<'lo"N bandine; is obvious. l•'igure 55 shows the 
hand specimen from which this thin .section was cut. 
Black Cat member, i 1raveler telsite. _{ 32 • 

.Pigure 67b. (K'.r 445, C 16-18). Plow banding in lava of the 
Black Cat member, Traveler relsite rrom Big Peaked Moun­
tain. Note the consistent left lateral shear in the 
banding in this f lgure and figure o7a from the same thin 
section. :-:_ 32. 
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:"igure 6Ja (KT 4'70, G S.'-'.)6}. Lava of th~ ~=lack ·-~at mem'.Jer, 
Traveler felsite from the enste~n slopes of "Middle" 
•rra.veler Eour..tain. ~::.henocr:-,'"s ts a1•e plagi::>cl.?t.sc, _pyroxene 
and :,toti te ( cfa!'1t :ll""H1 n. t b:')tton of' pl:lenocryst ag~;rcza te 
a.t lower left). '.Jots the wispy o:"fshoY:s of one lenticule, 
and that another lenticulc S??e~rs to be r~l~ted to a 
cluster ot phenocrysts. X 32. 

I 
Figure 68b. {KT 470, G 37-06). Aggrep;ate o.::"' small plagio­

clase and pyroxene crystals resembling an inclusion of 
pyroxene gabbro. Same specimen as figure 63a. X 122. 
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i.•'i.gure 69a. ( K11 289, WC 26-005) • 

the ground.mass ot lava from the 
Traveler felsite. The specimen 
summit of Black Jroo1{ Mountain. 

Small "pseudo-shards" 
Hlack Cat member, 
came Crom the eastern 
x 122. 

in 

'.?igure 69b. 
the Blac1c 
as figure 

(KT 289, 'NC 
Cat member, 
69a. X 32. 

26-005) • ,;'low banding 1n lava of 
Traveler felsite. Same specimen 



shards. Several of the specimens which contain these 

bodies are also characterized by relatively short stubby 

J.enticules. These reeks could conceivably be compressed 

tuff. However, becau~e of tteir dissimilarity to other 

welded tu.ff in the Traveler felsite and tr;e presence of 

aggregates.of phenocrysts, they are believed to be lava. 
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Fto·,.,r BRECCIA: Flow breccia crops out on the Summit 

of Lord Mountain. The upper slopes of Lord Mountain, 

particularly the southern slopes, are heavily covered with 

float of this rock. Therefore, it is believed that it 

underlies at least the upper one hundred feet of the 

mountain. Flow breccia, identical with that found on Lord 

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

Wassataquoik Lake. These cobbles may well be part of a 

glacial drift derived from Lord Mountain. 

On a fresh surf ace the rock is a black flinty 

fe lsi te. The only indication of 1 ts brecciated na. ture is 

the absence of pbenocrysts in the brecc1a fragments. The 

breccia fragments do, however, shai 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* or1ente d. They are 

unsorted and are as much as a foot in diameter. 

Flow ban:iing is evident only in thin sections 
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(fig. 70). Phenocrysts make up from 10 to 20 percent of 

the matrix and are predominately plagioclase, some pyroxene 

and magnetite, and minor biotite. Growth aggregates are 

c ormnon. 

The felsite breocia fragments are of several types. 

Banded fe~site fragments similar to those found in the 

welded tuff are fairly common. The most common and also 

the rr.i.ost striking type of inclusion, however, is a banded, 

very dark felsite some of which is almost opaque (fig. 70). 

The darkness ar~ near opacity are caused by a high content 

of magnetite dust, average grain size 0.002 mm. Because 

the diameter of the magnetite dust is much less than the 

thickness of the thin section, it is difficult to estimate 

the percentage of magnetite present. But the darkest 

portions are probably more than 50 percent magnetite. 

Fragments of the inclusions can be readily picked up with 

a hand magnet. Banding is caused by variations in the 

percentage of magnetite dust. The dust is set in a 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 dar~ breccia 

fragments shows the presence of quartz, plagioclase, and 

magnetite. Chlorite is visible in thin section. The 

magnetite-rich breccia fragments have few phenocrysts 

(including plagiocla.se and an olivine, presumably fayalite) 
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:'o.t mf-:,:;:·1er, ·~rav~ler .f~;ls.1.tr, fr:i:·1 dri.:'t 11l:mg t~:e srr:1th 
n':"!.al"e o;: ":_;ft~sataq_u.oi>: :_,::~~(:__;. ::.;Ldlar roc'..rn oocur on 1-'ord 
i<oimtain. ri.;:_;r•er;at.,_,s of p_L:. ;L)Cl3.D~~ and p~n'-:>xenc -:;>:ien::>­
c:c~st,s, fl::iw han-.iin; mvi ::a:·k, :ma€neti te-rich incl us ions 
are visible in this. photomicrograph. X 38. 

JD6! .\ VJi 

Pi::rJ.re '71. 
Concentric jointing, 
similar to that 
sho".'m in t~is photo­
graph,, ha. s b<: en 
observed at a num­
ber of localities 
in both members 
of the TraYeler 
fels 1 te. This 
particular 
locality is within 
the Blac1{ Cat 
member on South 
Branch Ponds Brook • 
.More than one 
center for the 
concentric jointing 
may be present, 
giving rise to two 
or :more sets of 
intersecting 
curving Joints. 
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and those phenocrysts present are small. None of the frag­

ments contain more than 5 percent phenocrysts and most have 

a.bout 1 percent. 

WELDED TUFF: Welded tuff has been found at only 

four localities within the Black Cat member. Three of 

these localities are at or near the base of the member and 

the f ourtp 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 tbe north side of Traveler Gap (SC 35-38). At the 

latter locality, the welded tuff forms a prominent bench 

of black felsite showing faint foliation. The mode of this 

rock is presented in table 3. Aggregates of phenocrysts 

are rare. Although the shards have been greatly deformed 

and flattened, they are sharply outlined by magnetite dust 

(fig. 72). There can be little doubt as to their existence. 

Some of the larger shards have devitrified or recrystallized 

to relatively coarse-grained (O.Ol to 0.03 mm) quartz, 

potassic feldspar, chlorite, and magnetite. These larger 

shards look much like the smaller len ti cules in the flows. 

More typically, however, the grain a ize of these devi trific­

ation products io 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 !'elsite on Sable Mountain (T • .5N. 1 R. 9W.) 

which forms the outlier of the Black Cat member unconform-

ab ly 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 
! 

bandtns and aggregates of phenocrysts are common., There 

are also ma.fie lenticules containing smaller crudely alined 

plagioclase crystals {O.l to 0.2 mm long) set in a matrix 

of chlorite, magnetite, and minor calcite (fig. 74). On 

the other hand, the groundrnass appears to have been frag-

rnented although, if so, the shards are much flattened. One 

might be tempted to consider this rock intermediate between 

a welded tuff and a lava. However, accepting 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 

fravnental appearance seems convincing enough to call the 

rocks welded tuffs. 

Tr...e 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 columnar 



/igure 72a. (KT 414:, SG 35-38). '!ielcied tuf:f. of the Black 
Cat member, Traveler felsite from Traveler Gap. 
Phenocrysts are of plagioclase. X 58. 

::;'igure 72b. (KT 414, SC 35-38). Welded tuff of the Black 
Cat member, Traveler felsite from Traveler Gap. The 
shards are distinctly outlined by opaque dust. This 
view overlaps that of .figure 72a, but with higher 
magnification. X 122. 
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:~1gure 73a. (?::' 27la, ::rN 31-32). ··;eldad tu.:'.'f\?) of tb.e 
Ble.ck ;':;at men1ber, rravelcr fel.si te from an outlier on 
Sable ifoun ts.in. '::'he phenocrys t3 are plagioclnse. 
Banding strongly reDe:bles that of the lavas. X 32. 

L;'ie:,rure 73b. (KT 273, SW 35-48). Welded tu.ff (?) of the 
Black Cat member, Traveler felsite from an outlier on the 
hill north of Mahar P:n1d.. ·ffie phenocrysts are plagio­
clase and altered mafic silicates (chlorite and cela­
don1te). The "shards~ are composed lar:ely of chlorite. 
x 32. 



.:·1qcure '74. (:KT 271~., S7l 51-212). Ya fie lenti :ule of plagio-
..... ( \ clase and altered pyroxene ?; in welded tufr(?) from the 
outlier of the Black Ga.t :member, 1l1raveler telsite on 
Sable i.fountain. 1~. ;.2. 

'"~'ig'llre 7 5. ( K-"T 145., C 08-32) • 
Cat member. Traveler felsite 
x 32. 

Welded tuff of the Black 
from 980 feet on Dry Brook. 
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Figures 76a & b. Columnar jointing in welded tuff of the Black Cat member, 
Traveler felsite from e.n elevation of H80 feet on Dry Brook. 
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jointing observed in the Traveler felsite is i'om1d at this 

locality. The colur:ms average three inches in diameter 

and are at least several tens of feet long (fig. 76). 

Figure 75 is a photomicrograph showing tl:e texture of this 

corn.pressed tuff. 

The welded tuf f of tr1e Black Cat melT'.ber is, like 

the welded tuff of the -Pogy m~mber, believed to have been 

deposi,ted by ash flows. 

LAMINATED TUFF AND CRYSTAL TUFF: Laminated tuff 

and crystal tuff occur intimately associated with each other 

on tbe sou th side of South Traveler Mountain about 100 feet 

below the highest (ea.stern) summit. 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 roe k types intertongue and_ a-re inter­

bedded. The laminated crystal tuff is minor, however, and 

occurs as long thin lenses within the lam.inated tuff. 

Contorted lamination, presumably a slump structure, is 

typical of the laminated tuff' (fig. 77b). Although cross­

lamina tion has also been observed in the laminated tuff, 

it is much more common in the laminated crystal tuff. 

Another unit of laminated tuff possessing contorted lamin­

ation crGps out 40 feet lower on the south side of South 

Traveler. lfo crystal tuff has been observed at this 

locality. 
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Although the laminated tuff and crystal turf have 

not been found at any other locality, they form a potentially 

us e.f'u.l ma.r\cer bed and will be described in detail unwarranted 

by their known areal distribution. 

In a. fresh hand specir'.le!1. tr.:e laminated tuf f consists 

of alterna tine; laminae of liGht-gray and dark-gray dense 

aphanitic felsite (fig 77a). No phenocrysts are visible. 

·J:he laminations are brought out by weathering which llghtens 

the dark gray bands to light gray arrl tte 11 ght gray bands 

to ver;,r light gray. Typically, the darker bands show a 

cJlor gradation into the lighter bands in one consistent 

direction, and a sharp contact with the light bands in the 

other direction. For> the purpose of this discussion, one 

lamina ls defined as the graded color set between two sharp 

contacts. The laminae range in thickness from less than 

O.l mm to about 10 mm and average 2 to 3 mm. The laminated 

tuff has a relatively gentle dip and the darker portion of 

eacb lamina ls on the bottom. Except for the direction of 

color grading and darkness of color the laminated tuft 

looks very much like a varved glacial sediment. 

In thin section the laminated tu.ff very closely 

resenbles the groundxnass of the lava of the Blacl\'. Cat 

mer.iber except that the maflc mineral is biotite (greenish 

brown and distinctly ple ochroic) rather than chlo1"i te and 

the re is a b imcdal distribution of grain size. The average 
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grain size of the coarser fraction is 0.02 to 0.04 mm. 

This fraction consists of scattered angular grains of 

quartz and feldspar which are pro!::> ably fragments of pheno-

crys ts. 

The finer grained fraction is by far the dominant 

of the two. Its average grain size is 0.002 to 0.005 mm. 

The presence of biotite (greenish brown and distinctly 

pleochroic) rather than tl::e usual chlorite may be a contact 

metB.r1orphic effect of the Katahdin granite. The granite 

contact is at an elevation of 2150 .feat on the south side 

of South Traveler, 400 feet below the upper outcrop of 

laminated turf. 

The felsic minerals in this fraction are too fine 

grained and too intimately associated with biotite to be 

identifiable in thin section. Quartz, plagioclase (about 

An30 ) have been identified by X-ray diffraction. The grain 

boundaries of the felsic minerals are indistinct, but the 

grains appear to Le roughly equidimensional. They also 

have a preferred orientation with the slow rays parallel 

to the laminations. Carbonate, clusters of mag.netite, 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 li5ht 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 side and a gradational con­

tact on the other. The direction of the sharpest contact 

is consistent when observable. Texturally, nothina re~~ins 

of the original pyroclastic material. Because of the 

thin,.'1ess of the laminae, hor;1ever, this material must have 

been extremely fine grained, i.e., fine ash (less tha.11. 1/4 

m'!TI, Wentworth and Williams, 1932, P• 45). 

The laminated crystal tuff is dark gray on the 

fresh surf ace and weathers to a light or very li::;ht gray. 

Closer inspection of the weathered rock reveals that it 

contains about 50 percent milky-white prism.3. tic feldspar 

crystals set in a dark greenish-black matrix. The lamin­

ations, which are best observed on the weath'3red surface, 

a1"e coa1"'ser and less well developed than in the laminated 

tuff. Fairly broad feldspar-rich layers (about 1 cm thick) 

are separated by thin feldspar-poor layers (0.1 to 0.3 cm 

thick). 

In thin section the laminated crystal tuff consists 

of crystals or fraBinents of crystals of plagioclase, 

amphibole, and magnetite set in a groundmass of the same 

material that composes the laminated tuff • A mode of the 

lruninated crystal tuf"f is presented in tabla 3• 

Flagioclase, either subhedral fractured crystals 

or angular fragments of crystals- is by far the dominant 

constituent of the rock (fig 78). Except for the presence 
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of platy hematite inclusions, the plagioclase xenocrysts 

are similar to those of the flows of the Black Cat m~ber 

in details of twinning, zoning, inclusions and alteration. 

Nost of the plagioclase xenocysts are between 0.5 and l.O 

mm in diameter, but they range from tiny fragments to 

prismatic crystals 1.5 mm long. The average composition 

in mol pe.rcent is An
45

, and the xenocrysts may be zoned 

from An33 to An54. The :ee is a par ti al alinmen t of the 
__./ 

plagioclase crystals such that the long dimension and fast 

ray are paralle 1 to the lamina ti on. 

The mafic s.ilicate in the laminated crystal tuff 

is amphibole, presumably hornblende, and has the following 

optical properties: 

strong pleoohroism, X = pale yellow 
Y = yellowish green 
Z = bright bluish green 

distinct dispersion, r>v 
2Vx ~ 55°, optically negative 
ZAC = 20°, lamellar twinning on (100) 
n > apatite. 

Much of the hornblende is clouded with magnetite inclusions. 

Although subhedral or rounded hornblende crystals up to 

0.5 mm long are relatively common, most of the hornblende 

is interestitial to the plagioclase xenocrysts. Poly­

crystalline aggregates of relatively fine grained horn­

blende may completely occupy irregularly shaped areas 

between several plagioclase xenocrysts. Commonly, however, 
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a single optically and physically continuous hornblende 

grain completely occupies such irregularly 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 mCB'.'e crystals. The hornblende, on the 

other band, could have been of pyroclastic origin only if 

the pre sent texture resulted from sub sequent overgrowths 

of hornblende around the former pyroclastic grain. Over-
/ 

growths have been cbserved, but are uncommon. Moreover, 

hornblende is extremely rare as phenocrysts in the rest of 

the Traveler felsite. It may be that hornblende developed 

at the expense of some pre-existing mafia mineral, probably 

pyroxene, in the contact aureole of the Katahdin granite. 

Magnetite is usually abundant in the laminated 

crystal tuff. It is ala o coarser grained than in the rest 

of the Traveler felsite; much of it is between 0.05 and 

O.l mm across, and some euhedral crystals up to 0.3 mm 

across have been observed. The high concentration of 

magnetite is probably primary in the crystal tu.ff. Certainly 

a cone en tra ti on of heavy minerals in a c rysta 1 tuff is not 

unreasonable. 

The lamina ti on 1s the result of c omposi ti onal 

banding and the crude alirunent of plagioclase crystals. 

The plagioclase 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 ground.mass. In thin section 

there is a suggestion of a sequence of layers as follows: 

minimum plagioclase content, maximum per­
centage ground.mass, scattered horn­
blende and magnetite 

high concentration of plagioclase crystals• 
relatively minor amount of hornblende 
and magnetite 

high concentration of hornblende and opaques, 
relatively low plagioclase content. 

This observation has not been con.firmed in the field, and 

the specimen was not oriented. Th.3 most reasonable 

stratigraphic orientation for the sequence, of course, is 

that given above. 

It seems clear that laminated tuff and crystal 

tuft formed by the accumulation of pyroclastic zmterial 

settling through a fluid medium. Whether the fluid medium 

was air or water is more problematical. Oliver (1954b, p. 

410) has described similar stratified tut"f possessing con-

torted bedding and current bedding. This tuff crops out 

on the Glaramara Ridge in the Lake District, England, and 

is in a welded tuff sequence. Oliver believed that tl1e 

contorted bedding indicated subaqueous slumping, hence the 

tuffs were water laid. The author visited the Glaramara 

Ridge locality briefly during the sum.~er of 1960. It 

seems just as likely that the slumping and current bedding 
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could be subaerial as subaqueous. Indeed, in view of the 

association of the stratified tuff with welded tu.ff at both 

localities, a subaerial environment of deposition seems 

more reasonable. In either environment crystals could be 

effectively separated from finer-grained ash by gravity 

settling. 

It is believed that the color gradation in the 

laminae of the lamina. ted tuft represents an original 
_/ 

compositional variation of particles rather than a size 

variation. In particular, the darker portions of the 

laminae represent the accu.mulation of ash particles richer 

in magnetite dust than the constituents of the lighter 

portions of the laminae. As is noted elsewhere, magnetite 

dust is disseminated throughout the groundmass or the lava 

flows, but is particularly concentrated in bands which 

impart a foliation to the ground.mass. If this g1--oundmass 

were broken up into sufficiently small fragments, some 

would be richer in magnetite dust and correspondingly 

heavier than others. In addition, magnetite-rich inclusions 

have been observed in several thin sections of the Pogy 

member a.'IJ.d in the flow breccia on Lord Mountain. These 

heavier fragments would settle faster th...an the light ones, 

even though they were the sama size, and could thus produce 

the color gradation in tte l~"'D.inae. The rhythmic lamination 



~:>·i.gure 7'7a..{K'r 41'7, SC 34 .. ~s~). Hand specirien of' laminated 
tuff of t~1e JJla.ok 1~a.t member, Traveler .:·clsite from t:.outh 
'l'ra.veler· Mountain. l11e top of: the specimen is to the 
left. 16 cm scale. 

~igure 77b. (KT 417a, SC 34-32). Hand specimen of laminated 
tuff of the Black Cat member, Traveler fela1te from 
South 17.-aveler 1'ftountain showinf: slu:mp structures. 



Pigure 7Ba.. (K':' 4l::i, SC 34-32). Laminated crystal tuff of 
the Black Cat member, Traveler felsite from South Traveler 
Mountain. C!'ystals o!' plagiocla.se, opaques, and horn­
blende (center) are visible. X 32. 

Figure 78b. (KT 418, SG 34-32). Laminated crystal tuff. 
Same view as figure 78a, but with crossed niaols. X 32. 
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might be caused by a temporary interruption of the settling 

process, e •3•, by a shif't in the wind direction or an 

increase in the wind velocity. 

TRAVELER FELSI'l'S, UNDIFFERSN'rIATED: Two relatively 

large areas of felaite, adjacent to the main body of the 

Traveler felsite, are included under the heading of Traveler 

felsite, ~ndifferentiated. One of these areas lies on 

>ladlelgh Mountain on the north lir.J.b of Matagamon synclinorium. 

rrbe second, larger area lies to the west of the South Branch 

of Trout Brook in the Teles Lake quadrangle. The isolated 

patch of felsite which forms Center Mountain is included 

in the la ttcr area. Because o.f' lack o:r outcrop (particularly 

in the ~estern area), lack of structUI'al data, or lack of 

distinctive rock typos,, thz stratigraphic relationship of 

these felsites to either the Pogy or Black Cat me~mer or 

to each othc r is unknown. 
\, 

Specimens of these fe lsi tes are characteristically 

po1~phyritic, 10 to 50 percent of the phenocrysts being 

quartz. Hence the phenocryst constitution ls most like 

that of the Fogy member. Representative modes of pheno­

crysts are presented in table 4. The structural states of 

the plagioc lase phenoc rys ts from the Lower and Black Cat 

members arc different. (See Chapter IV). Thus it would 

be useful to know tee structural state of tba plagioclase 



TABLE 4 
Estimated Modes of Phenocrysts 

in the Traveler Felsite, Undifferentiated 

1. 2. 3. 

Total percent 
Phenocrysts 
in Rock 7~~ 10-~ 15-." 

1'!ineral 
c ons ti tut ion of 
Fhenocrys ts 

Quartz hO 24 
Plagioclase 79 45 60 
Mafic silicates 13·"-" 0 ,:(' 10·~-.-r-

Biotite 20 
Garnet + Opaque Minerals tr 2 6 

Apatite tr tr tr 
Zircon 1 tr tr 

* Aggregates of phenocrysts common • 
.;i-* Completely altered. 

4. 

12-~ 

12 
74 
12-:H~ 

tr .. ~~·..:t-{t-
2 

tr 
tr 
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5. 

15 

41 
41 
15{~-{t-

3 
tr 
tr 

~:-r.·* Observed in hand specimen, but not in thin section. 
+ Includes both magnetite and ilmenite. 

1. (KT 158, TL.SE 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, TLSE 30-49) Felsite from 1530 feet on the 
east side of McCarty Mountain. 

4. (KT 328, TL.SF. 10-435) Lava from the 1580+ foot 
saddle on the south ridge of Morse Mountain. 

5. (KT 340, C 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. 

6. 

15~<-

35 
50 
15-:H:· 

tr 
tr 
tr 
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phenocrysts from the areas of undifferentiated felsite. 

The. plagioclase phenocrysts of all specimens available, 

however, are considerably al tared; neither their composition 

nor their structural states have been determined. 

The felsite on Wadleigh Mountain has not been 

studied in detail. It is cut off from the main body of 

the fe lslt e by a f' aul t. The three th in sections of the 

felsite which have been studied are so fragmented that their 

original texture cannot be determined. 

Lava is the only type of felsite definitely recog-

nized in the Te los Lake quadrangle. Typically the lava 

contains 5 to 10 percent phenocrysts. Aggregates are common. 

Quartz and plagioclase in about equal amounts are the 

d~minant minerals and about 10 to 15 percent of tbs pheno-

crysts are completely altered ma.fie silicates. Garnet 

(index of refraotion = 1.808) was observed in the hand 
I 

specimen of felsite from the south ridge of M~orse Mountain 

(KT 328, TLSE 10-435). 

Flow banding resembles tba. t in the Black Cat member. 

'rhe specimens showing trn most convincing .flow banding come 

from the westernmost summit of Strickland Mountain (TLSB 

16-22). Figure 80 is a photograph of a hand specimen from 

this f 1 ow and figure 79 is a photomicrograph of the th in 

section made from the hand specimen. Lava has also been 



."igu.re 79a. (KT 102, ·l'LSE 16-~;2) • Lava. from the SUl!1."1li t of' 
Strickland ;fountain. '.l'raveler felsite undii'.t'erentiated. 
x 32. 

Figure 79u. (l(T 1G2, ELSI:.; lu-22). Lava fr.:;m the 
Gtrickland i:iountnin. ~:;r .. r~:e vlt:w as figure 79a, 
crossed nicols. Dote ax1ol1tic boriers to the 
x 02. 

surr.r.1i t of 
but with 
lenticules. 



?igure 80. (KT 162, ·rLSE 16-22). Rand specimen of lava 
from the summit of Strickland Mountain. ~igures 79a & b 
are photomicrographa of a thin section cut from this 
specimen. Note that the flow banding appears to be 
planar rather than linear. 10 cm scale. 



found on the southern ridge or M:>rse Mountain and near 

the sunnn1t of Burnt Mountain. Columnar jointing is 

prominent at the last named locality. 

THICKNESS, VOLUME, AND SOURCE: The combined 

thickness or the Pogy and Black Cat members is at least 9000 

feet. It is believed that during the early stages of the 

rather violent eruption of the welded tuf f of the Pogy mem-

ber, a oaldere, Jo-t"eloped: 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, there was 

a further subsidence of the caldera floor. The limit of 

the caldera was probably not tar from the present border 

of the Traveler f elsite on the west, north, and east. The 

former extent of the caldera is discussed in Chapter V, 

Structural Geology. Because 1nterbedded sediments are 

rare, and because no soil zones have been observed between 

any units, the Traveler felsite is believed to have been 

erupted in a relatively short time. It is difficult to 

estimate what this interval of time might have been, but 

it is 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 felsitE? 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 cubic miles. 

The vents from which the f'els1 te was erupted have 

not been located. Volcanic rocks of the volume of the 

Traveler felsite, however, are usually erupted f'rom 

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 Wassataquoik 

Mountain are related to fissures which served as vents for 

the felsite. 

AGE AND CORRELATION: The age and correlation of 

the Traveler felsite will be discussed in a later section. 

TROUT VALLEY FORMATION 

NA.NE: The heterogeneous assemblage of elastic 

rocks 1nterbedded with minor sideritic ironstone that 

occupies the valley of Trout Brook between the west shoulder 

of Trout Brook Mountain and the north shoulder of Burnt 

Mountain is here called the Trout Valley formation. A 

massive fels1te conglomerate, the Gifford conglomerate 

lentil, 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 ~adleigb 

Mountain to the north and tbs ~a1n mass of the Traveler 

felsite to the south. Tho tormation thus occupies an area 

that is roughly 1.5 miles wide and 8 miles long and trends 

ENE. Excellent exposures are found along Trout Brook 

between The Crossing and the tork of the Morth ard South 

Branches, along South Branch Ponds Brook and wadlelgh Brook, 

and in the relatively level 11buI'ned land" between the 

junction of Wadleigh and Tr-out Brooks and Wadleigh Mountain. 

In the last named area much of the soil cover has been 

a tripped off and bed roe k surfaces, roughly parallel to 

bedding planes, are exposed over areas of several acrea. 

The westward extent of the Trout Valley f ormatton 

is poorly known. The possibility has already been mention.ad 

that the rooks that crop out outside the area of study in 

the gravel pit between Thissell Pond and Little Nesowadne­

hunk Lake 1 Telos Lake quadrangle (fig. 2} 1 may belong to 

tho Tr~~t Valley tormat1on. Until further evidence can be 

obtained, however, the rocks in this gravel pit are 

included in the Seboomook formation. Rooks typical of the 

Seboomook formation crop out beside Blaek Brook 1n the 

Teloa Lake quadrangle (TLEC 34-19) and on the North Branch 

of Trout Brook at BM 1071, Telos Lake q~adrangle. At the 

latter loc u 11 ty the rocks are much deformed and sliol{e.ns1ded. 

\ 
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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+ root north shoulder of Wassataquoik 

Mountain (SE 16-10) is capped by at least 100 feet of baked 

elastic 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. There is no direct evidence for the age 

or correlation of these baked sedimentary rocks. They may 

be interbedded in the Traveler felsite, they may represent 

a later period of sedimentation unpreserved elsewhere, or 

they may belong to the Trout Valley formation. Sandstones 

comprise a fair percentage of the sedimentary rocks on 

Wassataquoik Mountain in contrast to the shale and inter­

bedded tuff sequence in the Traveler felsite at Bald 

I.fountain Falls. The author favors the interpretation that 

the baked sedimentary rocks on Waasataquoik Mountain belong 

to the Trout Valley formation. 

DESCRIPTION 

GIFFORD CONGLOMEHATE LENTIL: The massive telsi te 

conglomerate exposed at the base of the Trout Valley 

formation in the gorge of South Branch Ponds Brook and 

\ 
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along Gifford Brook is named the Gifford conglomerate 

lentil. Very minor sandstone and sandy black shale are 

interbedded with the felsite conglomerate about 100 feet 

above its base. The amount of the interbedded sandstone 

and shale increases stratigraphically upward from this 

level, and there is a corresponding decrease in the average 

size of the felsite detritus. The top of' the lentil is 

placed where it looses its distinctive massive character; 

arbitrarily, the level above which pebble and cobble 

conglomerate form less than 75 percent of the rocks. 

Massive felsite conglomerate comprises more than 

95 percent of the Gifford conglomerate lentil except near 

its top. The felsite conglomerate consists of rounded to 

subrounded fragments or felsite as much as two feet in 

diameter set in a greenish-gray matrix which is probably 

ground-up felsite. Pebble-size a.~d cobble-size fragments 

are the most abundant (fig. 8lb). Repeated examination 

has failed to raveal 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 raises the 

question as to whether there may have been an earlier cycle 

of weathering. 

Because the felsite fragments are so easily 

separated from the matrix, the massive felsite conglomerate 

"· 



L.i'igure 8le.. 
Gorge cu~ in 
Gifford conglom­
erate lentil by 
South Branch 
Ponds arook. 
The location !s 
just upstream 
from the junction 
with Gifford 
Brook. A bed of 
sandatone is 
visible in the 
upper J)art of 
the picture, and 
a joint surface 
cutting through 
felsite c::>bbles 
is vlsible in 
the rit;h t center. 

Figure 3lb. Glose-up of Gifford conglomerate lentil in the 
bed of South ~ranch ?onds 3rook, showing rounded to 
subrounded i'ragments of' felsite. 
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looks much like a poorly consolidated Pleistocene tillite. 

Ac~~ally, it is difficult to determine the contact between 

the felsite conglomerate and the overlying unconsolidated 

Pleistocene deposits. When, on a traverse down South 

Branch Ponds Stream, the author first observed the felsite 

conglomerate about 500 feet downstream from the last out­

crop of felsite, be assumed that it was a young tillite. 

The true nature of the rock was realized only after ob­

serving the interbedded sandstone and black shale and dis­

covering joints cutting through cobbles in the felsite 

conglomerate further downstream (fig. 8la). 

As determined 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 Dry Brook. If the lentil is 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 out within 900 feet horizontally of 

the Traveler felsite. To the west of Gifford Brook, the 

lentil does not crop out along the South Branch of Trout 

Brook or along the brook flowing north from the Black 

BrookMountains (plate 1). 
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The Gifford conglomerate lentil, therefore, is 

interpreted as a local lens of felsite conglomerate, 

probably a deltaic deposit at the base of the Trout Valley 

formation. A few observations of imbrioate structure of 

pebbles and cobbles of felsite shows that the currents were 

from the south from the direction of the main mass of the 

felsite. 

MAIN BODY OP THE TROUT VALL:B.'Y FORMATIO?J: The main 

body of the formation is a heterogeneous assembleee of 

li~ht-blue-gray to black shale, siltstone, sandstone, and 

conglomerate. Black sideritic ironstone and sideritic 

sandstone comprise 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-grained material also present.. Most of the 

sands tones contain considerable "clay" matrix and many of 

the shales are sandy. Lithologic changes are rapid vertic­

ally and, to a lesser extent, horizontally. The formation 

is unevenly bedded. The 25 foot measured section, presented 

below, is typical of the formation. The outcrop from which 

this section was measured is on the north bank of Trout 

Brook where the brook crosses the town line between T.5 N., 

R.10 W. and T.5 N.,R.9 :-1. The section from top to bottom 

is as follows: 



5 feet exposed 

9 .reet 

6 inches 

2 feet 

5 feet 

.3 feet exposed 

Sandy black shale containing plant 
impressions and two thin (2 to 3 
inches thick) medium-coarse sand­
stone beds. 
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Felsite pebble conglomerate with 
black shale chips and partings. The 
conglomerate is slightly calcareous. 

Black carbonaceous shale containing 
abundant plant impressions. 

Interbedded coarse sandstone and hard 
darl~-gray slightly calcareous silt­
stone. 

Felslte pebble and granule conglomerate. 
The p~bbles are as much as l inch in 
diameter but the averag,e size of the 
f.'.)lsite fra.gr.1ents is 1/8 inch. 

Dark-gray sandy shale • 

The formation is remarkably undet'ormed, except 

close to the high angle fault at the base of Wadleigh 

Mountain. The average dip of the beds is 15°. Jointing 

is well developed in the sandstone, but cleavage is not 

present in the shale" 

Although boulder and cobble con;lomerates are 

restricted to the base of the formation (largely in the 

Gifford conglomerate lenti 1), pebble and granule con3loriera te 

lenses are scatter9d throughout the exposed thickness of 

the formation. Conglomerate lenses are, however, less 

common in the uppAr part. Uo rock fragments other than 

felsitc havo been observed in the conglomerate. The 

felsite congl~merate may contain sideritic nodules, and 

pyrite 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, arg1llaceous granule 

conglomerate contains numerous black chert lenses. Some 

of the black chert lenses are many feet long and have the 

appearance of sedimentary lenses. Others are not much 

longer than they are thick and appear to have internal 

structul'e (fig. 82). Mineralogically they consist of 

quartz and fine carbonaceous material. Professor Elso 

Barghorn (oral communication) has identified one of these 

as Prototaxites, a plant of uncertain affinities. 

The sandstone ranges in grain size from very fine 

to very coarse. Much of th3 sandstone.breaks across the 

bedding w1 th a chunky fracture and the finer grained beds 

are typically dense and hard. In some rocks, borings (?) 

normal to the bedding contribute to the chunky fracturing. 

Most of the sandstone is lithic graywacke, but some 

is subgrs.ywacke (as defined by Pettijohn, 1957). In some 

of the sandstone, the sand-size fraction is 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 1 

plagioclase is surprisingly sparse in the sandstone. In 

none of the thin sections of sandstone which were examined 
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P1gurea cl2a ~·~ b. Black chert lenses in the ·:'rout Valley 
formation, similar to the one identified by Professor 
Barg.horn as Proto ta.xi te.s. South Branch Pcinda Brook 
below the .i'mctior1 with Gifford ·:2.rook. 
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does plagioclase make up nx>re than 10 to 15 percent of the 

sand-size fraction. Calcite cement is present in some 

sandstones and clusters of small siderite grains may also 

be present. 

The shale typically lacks cleavage and is carbon­

aceous. Much of it is crumbly and sandy. Some black shale 

is so rich in carbonaceous material that it :reser.i:>les a 

low-grade coal. 

Sideritic ironstone occurs in the Trout Valley 

formation either as concretions or as thin beds less than 

a. foot thick. Typically it is a dense, heavy, bard rock 

composed of fine silt- or clay-size particles. It breaks 

with a conchoidal fracture. Where fresh, the ironstone is 

black, but weathers a yellowish brown. The major 1ron­

bearing mineral is siderite, but in some rocks an iron-rich 

chlorite is also present. A few percent subangular detrital 

quartz grains are typically present. The identification 

of s iderite and a. high-iron chlorite has been confirrood by 

X-ray diffraction. Estimated modes of two sideritio iron 

stones 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 

1.fa.ssataquoik Mountain is a dark maroon h_ornfels. An 

estimated mode of this hornfels is presented in table 5• 
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Table 5 

Estimated Modes of Siderit1o Ironstone and Hornfels 
from the Trout Valley Formation 

1. 2. .3. 

Quartz 15 15 33 

Sericite * 32 

Biotite 33 

Fe-chlorite tr 30 

Calcite tr 

Siderite 85 54 
Opaques 1 1 

Zircon tr tr 

* Fine grained white mica. 

1. (KT 335, WC 30-30) Sideritic ironstone 
concretion from siltstone, west side 
of Trout Brook. 

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

3. {KT 369a, S~ 17-105) Maroon hornf'elsed 
siltstone f ran 2450 feet on Wassataquoik 
Mountain. 
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The quartz grains are up to 0.08 mm in diameter. Biotite 

flakes ·co.01 to 0.02 mm across} are distinctly pleochroic, 

from colorless to a medium reddish brown. The rock is 

probably a baked arg1llaceous siltstone. 

THICKNESS A£1D LOWER CONTACT: The Trout Valley 

formation overlies the Traveler felsite with considerable 

unconformity (it truncates the presumed contact between 

the Pogy an:i Black Cat members). The time-lapse involved 

in this unconformity is unknown, but raed not be signif leant, 

because of the supposed subsidence associated with the 

volcanism. 

The top of the Trout Valley f orm.ation has been 

eroded. The thickness of the formation, including the 

Gifford conglomerate lentil, is estimated to be about 1500 

feet. 

PALEONTOLOGY: The fossil assemblage of the Trout 

Valley formation is interesting and unusual for New England. 

The age of the formation ls discussed in the next section. 

The occurrence of Prototaxites has already been mentioned. 

Impressions of plant stems were tirst discovered in this 

formation by the author in 1955. Subsequent field work 

has shown that plant tossils are abundant. They can be 

found in nearly every outcrop of the formation above the 

massive conglomerate or the Gifford conglomerate lentil. 
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The plants occur in greatent concentrations, but are the 

most poorly p1"eserved, in black sandy shale lenses in 

zranule or psbbl.a conglomerate. The resemblan.ce of sDMe 

of this black sandy shale to low-grade coa 1 has all:'eady 

been mentioned. T~ best presel:'ved plant material occul:'a 

in hard, but fissile siltstone. 

Professor Erling Dorf of Princeton University has 

stud lf~d the material collected from the Trout Valley 

f ormati ':)TI and has identified tbe following four types of 

plants (written communication, April, 1961): 

Psilophyton prinoeps var. ornatum Dawson 

Taeniocrada cf. T. decheniana Goeppert 

Aphillopteris sp. 

Hostiraella sp. 

According to Dorf {oral communication) this is the 

sec~nd verified occurrence of Psilophyton prlnceps in the 

United States. The other occurrence is in tte Lower 

Devonian rooks of Beartooth Butte, Wyoming (Dorf, 1934). 

The initial specimen of the Psilophvton came from float 

ln the bod of Dry Brook. In August 1959, Professor Dorf 

visited the author in the field and at this time specirnens 

of Psilophyton were found in outcrop. The Psilophyton 

impressi::ms occur in relatively hard black shale that is 

in soft crumbly sandy shale on the east bank of South 

Branch Ponds Brook about 30 f~et above the stream. The 
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outcrop occu.rs approximately on the toi·m line botween 

Ostracodes have been found in fissile black shales 

stratigrapbically above the major plant-bearing beds. The 

shales are interbedded with s1 lts tone an:l sands tone and 

crop out on the north aide of Wadleigh Brook a short 

distance above its junction with Trout Brook (WC 280-.315, 

o.nd 100 yards t'..pstream from this location). The ostraoodes 

have been examined by Jean 11. Berdan, U. S. Geological 

Survey. The following is quoted with her p0 nnission from 

her report de.ted. Harch 9, 1959. 

These collections contain Kloedenia? op. and a 
smooth subrectangulal' species, (previously reported, 
2/10/58). There is also a rather large straight­
baoked form with a .finely reticulated sur.t"ace, 
which apparently has two sulci and a dorsally 
directed spine on the posterior lobe. This form 
maybelone; to a new genus, but the preservation is 
such that it is impossible to determine many of 
tbe important characters. In addition to the 
ostracodes mentioned above, the collections also 
contain plant fragnents, fish scales, and fragments 
of something that is either a pelecypod or an 
estherid, probably the latter• 

EurypterlC. sea.lea or plates were discovered in 

the Trout Valley by W. H. Forbes of Washburn, Maine in 

August 1959 during a field trip led by the author through 

tbe Traveler ~1ountain quadrangle. The scales were found 

in gray, rus ty-weat be ring shale tr;.a t makes up part of a 

large outcrop on the soutt.east baGk of Trout Brook about 

200 yards u.pstream from The Crossing (AC 4C0-400). At the 



tir1e of discovei-•y, the fossil~ Nere thouett to be fish 

scales. A ~~rther, much larger collection was made in 
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the summer of 1960 bJ !Jelda Wrie;ht and Arnold Lewis of the 

l'l:usoum of Comparative Zoology, Harvard University. Because 

no bony material. was found with the scales Miss Wright does 

r:ot believe they are fish scales (oral comrounicat1on). Dr. 

Ian Rolfe, post-doctoral fellow, Museum of Comparative 

Zoolot:,y, Harvard University has iden ti.fled the scales as 

plates of eurypterids (oral cormnu.nication). 

AGE: The Trout Valley formation overlies with 

probable unconformity the Matagamon forrmtion ot Becra.ft­

Oriakany age and is separa 'OOd from the Matagamon formation 

by several thousand feet of the Traveler felsite. The 

plant fossils 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 

Devonian of North America or Europe. The association of 

these tour different forms is a rather typical Early 

Devonian one. To the best of our knowledge these plants 

grew in lowland, stream- or lake-border environments." 

A more precise age is not possible at present. 

According to Arnold (1952) Prototaxites has a 

geologic range from Late Silu~ian to Late Devonian. The 

eurypterids plates have not been studied but will probably 
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ba of little help tn d~ ttns the formation (Ian Rol.fe, oral 

comnm.nication). The presence of the ostracode Kloedenia? 

sp. sugg·est that a m1n1r..ium ago for th-:; Trout. Valley 

forrnatt ::m 5.s Onondaga. The follow:tn3 is quoted .from a 

report by Jean M. Berda.;'1. dated February 10, 1958 • 

• •• Th-e collection was submitted f:by A. J. BoucotJ 
as being either Hamilton or Onondaga in age. If it 
were not for thts reported stratigraphic pos:ltion, 
I would have suspected tr~ age of this collection 
to be Upper Silurian Or' T..iower Devonian, because of 
the known abundance of kloedenid ostracodes in 
roct-:s of these ases in !•'fa:lne. However, a species 
of Kloedenia bas been described by Swartz and 
Swa1n (191iI, p. 2li8) f'.rom the Onondaga equivalents 
in Pennsylvania, and the related kloedenid 
Welleria occurs ~.n the Hamilton of Now York (M. L. 
SmitE, 1956, p. 5) and the Traverse of Michigan 
(Warthin, 1934, pp. 203-209). Ordinarily these 
ostracodes are rar.;~ in the Onondaga and Hamilton, 
and aro associated with diversified and 
characteristic faunas of othar ostracode genera. 
Local cancentrations of one species may occur, 
however, as described for Welleria aftonensis by 
Kesli:a~ and Soronen (1957) in th·~ Gravel Point 
.t'or::nation of Michigan. It ls conceivable that the 
same type of' c::mcentrati on ni2J1t have occurred in 
the Devonian of Maine.. As is indicated by the 
tentative 1dantiflcatlon of these ostracodos as 
Kloedenia?, it seems r.iore 11 kely to me that the 
a~e or tEis collection is Onondaga or older ratcer 
than Hamilton. Ho;>Jever, the material is too poor 
to justify anythins more t'ban a rµess. Additional 
collections should be made in order to settle the 
point. 

A larger collection, which for~ed the basis for the r9port 

quoted earlier in this section, did not contain any 

evidence permitting a more precise datinR of the ostrocodes. 

ErfVIRONMTZNT OF DEPOSITION': The Trout Valley 

formation immediately overlies the Traveler f elsite. It 
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is believed th.at much of the telsit e was erupted sub­

aerially. Therefore, land of considerable elevation must 

have existed at some point during the eruptive cycle. It 

is also believed that during tne final stages of the 

eruption, or shortly thereafter, there was a foundering of 

the roof of the magma chamber. This foundering may help 

to explain the occurrence of subaqueous deposits on top of 

a subaerial volcanic sequence several thousand feet thick. 

The Trout Valley formation is believed to have 

accumulated relatively rapidly in a shallow water, near­

shore, brackish environment involving rapidly shifting 

currents. The presence of tre Gif'ford Conglomerate lentil 

suggests very strongly tl:at at least some of the Traveler 

felsite was abcwe water level at the time of deposition of 

the Trout Valley formation. The abundant remains of 

terrestrial plants further attest to thl existence ot 

nearby land. 

The association of sideritlc ironstone with coal 

or carbonaceous sediments has long been recognized; for 

example~ the occurrence ot black band iron ore (sideritio 

ironstone) in the Coal Measures of Great Britain. This 

association is found on a much smaller scale in the Trout 

Valley formation. These sideritic ironstones are usually 

thought to have been precipitated from solution in 

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

The faunal assemblage is also suggestive of brackish 

or near shore environment, or, at least, something other 

than the normal marine environment. J. N. Berdan (written 

communication, March 9, 1959} reports, 

--On the basis of tre ostracodes alone, a marine 
environment seems more probable, but as essentially 
nothing is known of Middle and Lower Devonian 
fresh water ostracodes, it is not possible to state 
that the types in these collections could not occur 
in fresh water. The possibility that acme of too 
fragments present represent estherids suggests the 
possibility of at least a brackish water environment. 
Chadwick (N. Y. State Mus • Bull. 336, p. 120-121, 
1944) reports the association of Estheria and 
"Beyrichia" in the Kiskaton·_ formation, wliich he 
considered non-marine. Goldring (N. Y. State Mus. 
Bull. 332, p. 268-269, 1943) states that there are 
six zones in the Ashokan formation with this ostracode­
estherid association, and concludes that these are 
evidence of a brackish water invasion. 

At th! 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 and Devonian eurypterids most 

commonly occur in 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 typical of marine environments, such 

as brachiopods, have not been found. 

CORRELATION: The correlation of the Trout Valley 



formation is discussed in the mxt section. 

AGE AND CORRELATION OF THE TRAVELER FELSITE AND THE 

TROUT VALLEY FORMATION 
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The Traveler telsite overlies the Matagam.on form-

at ion of Beoraft-C1r1skany age and underlies the Trout Valley 

formation which has a probable minimum age of Onondaga. 

More precise dating of the felslte depends upon a better 

understanding or its relationships to the Mataga.mon and 

Trout Valley formations and a better knowledge of the age 

of the Trout Valley .formation. The uncertainty in dating 

is small, but may be significant in terms or regional 

geology. 

The Traveler felsite is the northeastern end or a 

discontinuous belt of 1'els1te extending southwest about 80 

miles to Heald Mountain, Pierce Pond quadrangle (fig. 1). 

These felsites include the extrusive rooks of the Kineo 

volcanic member of the Tomhagan formation (Boucot, 1961), 

the Bie; Spencer volcanics (Heath, 1959), and the unnamed 

felsite on Soubunge Mountain (E. s. c. Smith, 1933). There 

arre also several small bodies of intrusive !'elsite, such 

as the felsite on Coburn Mountain (Boucot, in preparation). 

Of all the f'elsites, the Traveler felsite covers by far the 

largest area. These felsites are grossly similar lithologic­

ally, and the extrusive ones rest on marine sandstones of 

Oriskany age {the Tarratine tormation in the Moose Rivers 
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synclinorium and the Matagamon formation !n the Katahdin­

Traveler area). (See Boucot, ~ !1.•1 1960). The felsitos 

are probably roughly equivalent in age. 

At Moosehead Lake tbe fals:!.tes of the Kineo volcanic 

member o~ the Tomhegan formation grade upward through a 

felsite conglomerate into marine sandstones of the main 

body of the Tomhegan formation. The sandstones contain an 

assemblage of fossils that Boucot (1961) originally dated 

as Onondaga age, but now believes to be of Schoharie age 

(oral comM.u.nication, March 1961). Boucot fevers the 

interpretation that the Kineo volcanic men-.b er is at least 

partiall7 contemporaneous with the basal portion of the 

main body of tbe Tomhegan formation. He does not, however, 

exclude the possibility that the felsite may be inter­

mediate in age between the Tarratine formation and the 

main h ody of tb.e Tomhegan formation. 

Becnuse of the over-all similarity of tl:e stratigraphy 

of the Katahdin-1.rraveler area and the Moosehead Lake area 

it seems reasonable that the Trout Valley formation is the 

correlative of the main body of th3 Tomhegan formation. 

Paleontological evidence canncrr; cortfi:::m tr ... is coz:1"ela.ti on 

at pre sent, 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 

felsi te is intermediate in age between the :Matagamon and 
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Tr~u t Valley fo1"ma ti ons • He also believes that tre time 

interval between the deposition of the top of tte Mata­

gamon formation and t'b...e bottom of the Trout Valley formation 

was not very long. In fact 1 t rray have been so short tba t 

both the Tl:'aveler fels:tt e and the Trout Valley f orma ti on 

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 reasons for be lie ving thu t no 

lon-; time gap occurred between the deposi.tlon of the Mata­

gamon rorcia.ti::m and the eruption of theTraveler .telsi te. 

First, the Traveler felsite does not represent a sudden 

initiation of volca...'1.iam, but ls rather a climax of an 

increasing tempo of volcanism. Fels1te fragments are the 

most abundant rock fragments found in the llthic graywacke 

and subgraywacke of tr..e Matagamon formation. Tuffaceous 

sediments are foWld in the Matagamon formation immediately 

beneath the felsite. 

Secondly, the sediments at the top of the Matagamon 

formation were unconsolidated or poorly consolidated at 

the .time of the eruption of the Traveler felsite. There 

are numerous arenite dikes 1n the base of the felsite. 

The large ones are as much as 20 feet thick end 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 dikes may be seen at the base 

of the cliffs on Horse Mountain and in the road-cut just 

nortb of Eastern Landing, Matagamon Lake~ Shallow channels 

filled by felsite have been observed in the underlying 

sandstone (fig. 25}. 

The unconformity between the Tr:;iveler felsite and 

the Tr-out Valley formation has already been mentioned. 

It has also been su~gested that this unconformity may have 

been caused, in part, by the forrna ti on of a caldera. The 

time lapse between the final eruption and the first 

deposition of the basal Gifford conglomerate lentil mi,;ht, 

therefore, have been insignificant -- as short as a few 

weeks or even a few days. Two factors, however, su~gest 

a some~hat lenser time interval. One is the presence of 

the northward plungin~ anticllnal axis in the felslte at 

South Branch Ponds. It is possibli~ that this doming was 

caused by the rise of a post-subsidence stoctr or lacolith 

(See Chapter V). Because the Trout Valley formation is 

"' not deformed ,Sppreciably by the doming, it must have been 

deposited after the formation of the dome. A second factor 

that su~~ests a longer tiMe interval is the presence of 

terrestrial plant fossils in the Trout Valley form.a tion. 

Sufficient time, perhaps a few centuries or even several 

thousand years, may have elapsed to allow tbe development 

of such a flora, perhaps as old as any in eastern North 
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Ar.1.erica, on newly created volcanic land. These plants 

nre fou..~d in the Trout Valley for~tion as low as the 

upper part of the Gifford consslomel'"a.te. If the Gifford 

c:m;slomerate lentil a.ccum:11ated rapidly, as seems reason-­

ab l-3, 1 ts base probably does not represent the earliest 

deposition after the cessation of volcanism. 

• 
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CHAPTER III 

G~~ERAL STATE~ENT 

Except for the Xatahdin granite, intrusive rocks 

are of minor importance in the Katahdin-Traveler area. 

11\vo small stocks or pipes of ,sranophyre intrude rocks 

older than the Trout Valley formation. These are probably 

the i~trusive equivalent of the Traveler felsite. Small 

sills and related dikes of quartz andesite intrude the 

'rrout Valley formation. 'I'hese are believed to be older 

than the faulting associated with the Acadian orogeny. 

The northern end of the batholith of the Katahdin 

granite, including the type locality on Mount Katahd1n, 

occupies the southern portion of the area 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 is making an extensive study of the granite 1n the 

western portion of the Katahdin quadrangle and in the 

Harrington Lake quadrangle. Theret'ore, only the major 

features of the granite are covered in this report. 

Ma.fie dikes, not described here, cut the Katahdin 

granite at a few localities. They have been observed at 

Ledge :<'alls on the Wassataquoik Stream, on Harvey Ridge 
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and the south wall or' :Northwest Basin, and 1n the Chimney 

{a ateep ,:~ully extending into South Basin from the col 

between Pamola and Chimney Peak). 

GRANOPHYR2 

DISTHIBUTivN 

Two small intrusive bodies of granophyre have ·oeen 

loc~ted within the Katahdin-Traveler area. The smaller of 

the t·no is s:!.tn.ated on the peninsula: south oi"' Norway Dam, 

t.Iay .:'.rook Logan (north-central ninth). It is believed to 

cover an elliptical area roughly 1500 feot by 800 feet. 

A second, la1•ger body of granophyre is located on 

the south side of the western ridge of ~/a.ssataquo1k 1·iountain 

in the southwest corner or t.he 'Praveler Mountain quadrangle. 

Griscom has also found grsnophyre or: !3ald Vountain in the 

northwest corner of the Ke.tahdin quadrangle. The gra.no­

phyre on Bald M;:,untain is probably continuous with that on 

Wsssataquo1 1{ Mountain. If so, there is a ~;rano!>hyre body 

ro4[hly a mile and a quarter long in a north-south direction, 

and, in the Traveler Mountain quadrangle, a half mile wide. 

DESCRIPTION 

The granophyre, which is very fine-grained 

or fine-grained, weathers bone white or rusty white. On 

the Creah surface it is light to medium gray and is 
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typically spotted ~1th brown or dark green clusters or 
sr...reddy bioti te. The rock contains a few percent, E:;enerally 

about 5 percent, phenocrysts of quartz, plagioclaae and 

biotite. The plagioclase is 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 

Wassataquoik Mountain onlyJ, and sheaves of tiny epidote 

crystals. 

ri'he sroundmass typically contains some sort of 

distinctive intergrowth hetween potassic feldspar and 

quartz. In the finer grained granophyre, these inter­

growths are spherulites that are set in a microcrystalline 

mosaic of quartz, feldspar and chlorite. Phenocryats 

invariably have spherulitic growths around them. In the 

coarser grained granophyre, the !ntergrowths are ~~rano­

phyric (micrographic) with a tendency toward "centric" 

graphic. 

The chilled contact of the granophyre against the 

incloaing rocks of the Seboomook for~~tion is exposed on 

the northern side of the peninsula south of Norway Da.m. 

The rock is· li;;ht greenish-gray aphani tic fels i te 

containing apherulites. Yinutely banded chalcedonic quartz 

is present between some spherulites. Thirty feet into the 

granophyre from the contact, the rock is as coarse grained 

as any seen in the granophyre from Wassataquoik Mountain. 
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A ~hemical analysis anc norm of this coarser grained 

gr::•nophyre from near Norway Dam are presented in ta·cle 11 

alone; with analyses of Lower Devonian Maine felsites. 

AGE 

The granophyre near Norway 0am 1s intrusive into 

the Seboomeo'"'.' r(>rma ti on. of Becraft-Oriskany age. The 

gra.nophyre on Wassataquoik ?<ountain is probably intrusive 

into the '.rraveler fels1te, althoush no contact has been 

observed. Griscom {oral communication} states that the 

Katahdin granite intrudes the granophyre on Bald Mountain. 

~'hus the age of the granophyre is bracketed between that of 

the Traveler f'elslte and that of the Katahdin granite. 

It is sugsested 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 the Katahdin granite. A th.ird 

possibility is that, if the time gap between the eruption 

of the fela1te and the intrusion of the granite proves to be 

less than is now believed, the grano~hyre could be both the 

intrusive equivalent of the felsite and an early phase of 

the granite. Evaluation of the last hypothesis r:ust await 

more precise dating of the rock units involved. The best 

evidence available at present, however, indicates that 

the felsite is Early Devonian and the granite is JLate 

Devonian. 
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The first interpretation seems reasonable because 

the phenocryst content o:~ the granophyre 18 similar t·:> 

that of the felsite and because the chemical analysis or 

the granophyre 1s within the range of variations in 

chemical analyses of the Traveler felsite. ~inally, the 

texture of the granophyre indicates a near-surface intrusion, 

while the granite adjacent to the granophyre on Wa.ssataquoik 

Mountain 1~ much more coarsely crystalline, probably 

indicating a greater depth of intrusion. If the interpre­

tation that the granophyre is the intrusive equivalent of 

the Traveler felsite 1s correct, the granophyre is probably 

intermediate in age between the Oriskany and the Schoharie. 

Q,UARTZ ANDESITE 

DISTRIB1JTION 

Quartz andesite sills have been observed 1n the 

'.Prout Valley formation at a number of localities. Most of' 

the sills are only a few inches thick. However. at three 

localities sills between 7 and 30 feet thick have been 

observed. These a.re on Dry orook (C 04-37), on South Branch 

Ponds Brook just north of the town line between T.5N., R.9W. 

and T. 6N., H. 9W., and a. t the right-angle corner on ·.rrou t 

Brook (WC 16-19). A few mu.ch-weathered andesite(?) dikes 

also occur in the Trout Valley formation and a similar 

dike cuts the Seboomook formation just upstream from 

Grand Pitch on Webster Brook. The dikes are too small 
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to he s~uwn on the ;eol:>gic ma:p. 

DE~CHIPTION 

:::oat of the quartz andeslte is badly weathered. 

It is gray or light gray and, if Cine ;~rained, is easily 

mistaken for tho lithic graywacke of the Trout Valley 

formation. i'.':loser inspection, however, reveals ama.11 

feldspar laths,, and a higher percentage o-:' pyrite than is 

typical of the lithic graywacke. The quartz andesite sills 

~ay be seen to terminate sharply or to transgress the 

bedding locally. The sills typically form resistant units 

which stand out in contrast to the ·sedimentary rocks. 

The freshest quartz a.ndesite is found in the series 

of relatively thick bifurcating sills at the aforementioned 

locality on Trout Brook (WC 16-lq). The largest of the 

sills at this locality is at least 30 feet thick. The 

relatively coarse ,s;rained andeaite from this sill is light 

gray a~d conta1n3 brownish-green euhedral amphibole prisms,, 

up to 10 mm l~n3 and 1.5 mm across, set in a matrix of 

interstitial pla.gioclase. It probably consisted originally 

of about 5 percent pyrite, 7 perae1:t quartz and roug~1ly 

equal amounts or plagioclase and amphibole. The plagio­

clase is extensively altered to clinozoisite (abnormal 

blue interference color) and sericite. A rough determination 

of the index of refraction of the plagioclase indicates that 

its presBnt composition is albite-oligoclase. The 
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a.mphibole, probably hornblende, is weakly pleochroic 

(X= light tan, Z• greenish-· tan), and optically negative 

with a 2V of 80, ZJ\. G : 20 • It is partly altered to 

cblorite. In most outcrops, the original ma.fie silicate 

has completel~r altered t.J a. mixture of chloi-ite, calcite, 
I 

epidote or clinozo1s1te and magnetite. 

\.. 

AGE 

The quartz andesite sills and dikes are lntr11s1ve 

into the Trout Valley formation, the youngest stratified 

unit in the area. Therefore, they are probably younger 

than Schoharie age. There is no positive evidence as to 

their minimum age or their relationship to the Katahdin 

granite. However, because a large sill may be offset 

by faulting which may be related to the Acadian oro;::;eny, 

the quartz andesite is tentativel7 assigned to the Lower 

Devonian. 

The name ~atahdin granite was first used by 7oppan 

(1932, p. 69}, although it has been known since ;!alley's 

visit to the mountain in 1836 that Mt. Katahdin 1s 

composed of granite. 



225 

DIS'I'Hl!j:J'I'T JN 

'.rhe l'::S. te.hd.1rt grani ce is exposed over a larger area 

within tho region o.f study than any other rock unit. It is 

believed to underlie all t~e portion or the Katahdin 

quadrangle included in this report. TI1e northeast cornet• 

~r the quadrangle has not been visited in the field 

because of its inaccessloility. Granite coes crop out, 

ho'fl\3Ver, at Twin Ponds on the east side or ·rurner Mo~ntain, 

on Barnard Mountain, and near Hathorn Pond in the southeast 

corner of the TravelE:r Uounta1n quadrangla. Granite a13o 

occurs in the so:.1 t~1ern portion of the Traveler !l:ountain 

quadrangle on ni':lch of. ir;assa taquoik ~'\ountain, in the broad 

open 1t!assa taq:1oi~ Valley (fig~. 9), on Sable Mountain and 

on the southeast shoulder of South Traveler ?.rountain. 

The northeast limit of the granite is poorly known because 

of lack ot• exposure. Large blocks (20 x 20 x 30 feet} of 

granl te occur beside the trail to 11."raveler Pond west of 

Messer ?ond (S.E: 22-35). These probably have not moved far. 

The Katahdin granite probably underlies about 1/10 

square mile in the extreme southwest corner of the Shin 

Pond quadrangle. The Katahdln granite does not extend into 

the Telos Lake Quudrangle. 

DESCHI?TION 

The Katahdin granite is a medium-srained, 
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light-colored bioti te 1 t·;;ro :Celdspar gra:ni te which haa 

conaiderable variation in texture and color. Most of the 

variations appear to be related to the proxim1tf to the 

unpreserved roof of the batholith. At lower elevations 

the fresh sranite is typically equigranular and g:ra.yish­

white. J1h1s facies is called the Wassataquoik f'aciea 

becau3e it ls the ma ;Jor type ol: gra.ni te .round in the valley 

of the Wassataquoik stream and on the hills and mountain~ 

in the s·:mthorn part of the 'l1raveler dountain quadrangle. 

At higher elevations on the n:atahdin massif, the granite is 

typlcally pinkish,. eranophyric, and contains phenocr•ys t.s 

of biotite. ·.~his f"acles is called the .?amola facies ~,rom 

the exposures on .i'a:mola. 

The two facies grade into om-:another and t!lere are 

minor variations within each fa.cies. ·r11e gradatianal 

contact betwe0n the two i'a·~ies has been obaer•vis::d at only a 

few localities, but ap)ears to slope gently north from 

about 3800 feet in the Great Jasin to about 2000 feet on 

Hussell !fountain. 

\'iJ/.1~3ArA~U0II\ i."ACIES: The granite :Jf t~'le Wass9.ta­

quoik facies is medium-grained (average grain size 3 irm) 

and equigranular. On the fresh S"<lr::"ace it is grayish white. 

Along joints it is connr..only pink. Aplite dikes are 

scattered thr~ughout the outcrop area o.f t:ie facies , but 
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p11gmatites aro uncommon. Figure 85a is a photograph of a 

hand speclm~n of the Wassataqu.oik fac1es. 

'1'..'he eg .sentia.l constituents of the gra.ni te are 

quartz, perthite, plagioclase and biotite. Two modes of 

the Wassntaq~.:wik f acies are presented in table 6. The 

:perth:tte c on9ists of about 70 percent pot as sic feldspar 

and 30 P'~rcent sodtc feldspar. In some specimens the 

potas~d.c phase posses sos faint ntcroc 11ne twin.~ing. In 

others, none is visible. The pla.gioclase typically shows 

strons continuous zonin;; from cores of andesine to rims of 

sodic oligocla.se. The biotite is strongly pleochroic 

{light golden brown to dark greenish brown}. Biot:t te from 

each of' the tw::> specimens in the r:iode had a;-, tndex of 

l;.673. Usinc::: the same excess Al which was used for the 

biotite from the Traveler felsite, (0.2 out of 1.0 formula 

unit Al based upon 24 oxygens) the FeO ratio is 88 
FeO+MgO 

percent. A few olivine crystals; presur.tably fayalite, were 

observed in one th 1n section. 

Some of the K.a.tahdin granite is slightly, but 

noticeably porphyritic (fig. 85b). Pink-weather1~~ perthite 

pbenocrysts, typically 5 mm long, are set 1n a groun&~ass 

slightly finer grained than the normal gran1.te ot the 

Wassutaquoik fac1es. The porphyritic granite has been 

observed at a number of localities within the Wassataquo1k 

i"acies. It is fotmcl on several of the s umm1ts of the 
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Pigure 83. 
Por:)hyri tic 
granite of the 
Wassa.taquoik 
facies at 
Grand .Falls, 
Wasaa.taquoilr 
Stream. 

i:i'1gure ·s4.. ~outh L~asin of =~t. ;{atahdin from Hamlin Hidge. 
Pamola (4902 feet) is on th.::> lef't, Jaxter ?eak (5267 feet) 
is on the rig!lt.. The ~{nife Edge connects them. Except 
outcrops at the extreme lower left, all rocks belong to 
the P8llola facies, Katahdin granite. 'I'he zone of xeno­
liths circles the basin at the bottom of the outcrops. 
Lighter colored rocks in lower left center have been 
freshly exposed by slides. 
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Table 6 

Representative Modes or Plutonic Rocks 

1. z. J. 
Quartz 29.3 25.5 30 

Orthocla.se 18 

Perthite 33.0 41.6 

Plar,iocla se 27.8 25.5 .30 

Biotite 7.5 6.8 12 

Hornblende 8 

Epidote 1 

Opaques 2.0 0.4 tr 

Apatite 0.2 
} 0.2 

l 

Zircon 0.2 tr 

(KT 213) wassataquo1k facles, Katahdin granite 
from the south side of the 1730 foot hill 
between Deep Fond and_ Bell Pond na ar the 
southern border of the Traveler Mountain 
quadrangle. Point count, 2000 points. The 
plagioclase 1.s strongly zoned_, but the 
average comp?sition is oligoclasa. 

(KT 44h) Wassataquoik tacies, Xatahdin granite 
from 1S80 feet on nose of rtdge west of Roaring 
Brook Campground, north-central ninth, Katahdin 
quadrangle. Point count, 1500 points. The 
plagioclase is strongly zoned, but the average 
compoa :T. ti on ts oligoc lase. 

(KT 428} Porphyr:tt1c granodiorite xenol1th 1.n 
Katahdin granite. 3350 feet on east wall of 
ao1.lth Bas-Jn at base or cliffs on Pamola. 
Estimated mode. 
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Ka tahd. ina:1g~1oh Range (on No.~th Broth,9r 1 Fort Hountain a.."'1.d 

Mullen Mountain, but not on -~fassata.q:.lOlk Mou:ntain), at 

L~dr;e Palls and Grand Falls 011 the ~-/a:rnataquoik Strean 

{fig. 82}, on 3arnaT'd Mountain, a ni on the su. .. "1u1 t and on13 

locality on the southwest slde of South Turner I1ount;ain. 

Tha relatlonship batween th"J por:phyr1tic s-:-anits and the 

more "nornal" granite is not known, and the po1"phyrltic 

granite is not shewn separately on the geolo_sic map. 

PAi-'iOLA FACIES: The granite of the Pamela facies 

is similar in gross mineralogy to the Wassataqaoik tacies 

and grades into it. Fizure 86 is a photograph of a typical 

hand specimen of the Pamola facies. The essential con­

stituents arc; quartz, perthite, plagioclase a.'1.d biotite. 

Typically the biotite is coarser (phenocrysts up to 8 mr:i.) 

than the felsic minerals and there is a graphic intergrowth 

between the quartz and feldspar. Either perthite or 

plagioclase r.1ay be involved in the graphic intergr0tr1th, 

but most of the perthite is involved. In the finer-grained 

portions of the graphic intergrcwths involvinz alkali 

feldspar, the perthi tic texture is not visible. Tr..e 

plat;i oc lase is strongly zoned. 

The lower portion of tl:e Pamela tacies adjacent to 

the Wassataquoik facies is typically a grayish white. 

':Tith increasinG elevation, the granite becomes a mottled 

pink and white speckled with phenoerysts of biotite. The 



Figure 85a. (.KT 444). '1'/assataquoik facies of the Katahdin 
granite from 1880 feet on the nose of the ridge west of 
Roaring Brook Campground, north-central ninth, Katahdin 
quadrangle. 10 cm scale. 

F'igure 85b. (KT 2i7). Porphyritic granite of the Wassata .. 
quoik facies, Katahdin granite from Grand I•'alls, 
Wassataquoik Stream. The phenocrysts are perthite. 
10 cm scale. 
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proportion of pink gradually increases until, over much 

ot the Table Land, on the walls of North, Great and South 

Basins and on North Turner Mountain, tl':e granite is salmon 

pink. The change in color is accompanied by an increase 

in the percentage of quartz and feldspar involved in 

graphic intergrowths and t m appearance of vugs filled 

with epidote, tourmaline, quartz and potassic feldspar. 

In the salmon-pink granite, biotite 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 charr.ber, with an accompanying 

increase in volatiles and in the activity 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 

faoies and at a number of places concentrations of sulfides 

and tourmaline in joints and fracture zones have been 

observed. The sulfides include loellengite and bornite. 

XENOLITHS: Xenoliths 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 between 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 or the belt 

is about .3450 .t'eet and it is roughly at the contact between 

the two facies of granite. The xenoliths range in size 

from vanishingly small up to 4 feet 1n dianeter and con­

stitute from 20 to 70 percent of the rock (average 40 to 

50 percent). They are in general, rounded, corroded and 

veined with granite. Figures 88a and 88b show two examples 

of this zone of xenoliths from beneath Pa.mola. Similar 

.xenoliths rave also been observed on the north wall or 

North Basin and at an elevation or 4000 feet on the south 

side of South Peak. 

The xenoliths are light gray and appear porphyritic 

with a fine-grained ground.mass. The obvious phenoorysts 

(3 to 5 mm across) are smoky quartz, orthoclase, pla.gioclase, 

or biot1te. Closer 1nspect1on reveals that the seaningly 

tine-grained groundmass consists of poikil1tio quartz and 

feldspar, at least as coarse-grained as the "phenocrysts." 

The impression of small grain size ls conveyed by inclusions 

of fine-grained (about 0.1 mm) ma.fie silicate within the 

poikili tic quartz and feldspar. 

In thin section, tr:e xenoliths typically have an 

ophitic-like texture. Euhedral or subhedral grains of 

plagioclase, biotite, and hornblende are set in po1kilitic 

quartz and orthoclase. This texture is illustrated 1n 

figures 880 and 88d. An estimated mode or a typical 



Figure 86. (KT 441). ltiottled pink and white granophyric 
granite of the Pamola facies, Y.atahdin granite showing 
biotite phenocrysts. The specimen is from 4260 feet in 
the Chimney, Mt. 7atahdin. 10 cm scale. 

·l"'fl"'.'l '"' 1 "''j'rnl'mj 
1 2 3 

Figure 'd7. ( l\'I' 252 1 C 21-30). Sharp contact between the 
Pamola facies, Katahdin granite (light) and the 
recrystallized felsite of the Pogy member (dark). The 
specimen is from 1500 feet on the western summit of 
South Traveler. 10 cm scale; 



I"it:'..tre 8>3n. 
__,Granite. 

e.xte::i.o.ing 
elevation 

£'1igure as;,. 
granite, 

Xenolit~s of gPa..n:i:::iorite in t:·1e: :~ate!".i.din 
Pal't of Pc belt be t'Irnen SO and 150 feet thick 
aro:1ncl t!:le ·vall of Sout~ Basin a.t an average 
of 3450 .::""'eet. 

Xenollths or granodiorite 
South ;3asin, i·\t. :'{atahdin. 

in the natahdin 



Figures 88c ,~> d. (:\T 100). Ophitic-like texture in 
granodiorite xenolith. Crystals of zoned plagioclase, 
bloti te and hornblende set in -:">oilcili.tic quartz and 
orthoclase. Tne s,ecimen is from float at an elevation 
of about 4100 feet on Avalanche Brook, ~t. ?atahdin. 
Figure 83a plane-polarized li;ht. ?igure 83b crossed 
nicols. X 32. 
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xenolith is given in tabla 6. The xenoliths are granodi­

ori te. 

The plagioclase crystals average 0.5 :mro. in length, 

are twinn.ed a..'1.d strongly zoned. The cores are badly 

saussuritized and the rims are albite. The biotite is 

partly strongly pleochl>oic (light tan to ~ark brown) and 

is altered to a chlorite with distinct abnormal blue inter­

ference color. The hornblende is also strongly pleochroic 

(X = light tan green, Z = dark green), has an extinction 

angle of 15° (ZAC} and is partly altered to ohlorite. 

Porphyritic grandiorite, lithologioally similar to 

the xenoli ths, has been .fcund near the top or the Saddle 

Slide (an avalanche sear that is the route of the Saddle 

Trail on the headwall of tha Q.r!;at Basin) and between 

elevations 4400 feet and 4800 feet on the Cathedral Trail. 

These two areas of porphyritic granodiorite do not seem to 

be connected in outcrop. They are interpreted as roof 

pendants or very large xenoliths, but have not been studied 

in detail. On the Catl"adral Trail, the porphyritic 

granodiorite becomes granophyric in its upper part. 

AGE 

The Katahdin granite exposed in the area of study 

is the northern end of a large body of granite that extends 

about 27 miles southwest of Baxter Peak to the v1c1n1 ty of 
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Shaw Mountain, First Roach Pend quadrangle. According to 

the geologic map of nor·thern Maine, com.piled by Boucot, 

~ !l (1960), the batholith is exposed over about 450 
square miles. 

Boucot ( 1954) bas shown that tre Katahdin granite 

intrudes fossiliferous Middle Silurian strata in Rlpogenus 

Gorge on the West Branch o:f the Penobscot River. In the 

Traveler Mountain quadraq; le, the granite intrudes th.9 

Traveler felsite, which rests upon the Ma.ta.gamon formation 

of Oriskany age. 

The int~Qslve contact of the Katahdin granite is 

well .displayed on the north ridge· of Wassataquoik Mountain 

above Wassataquoik Lake and on the southwest slopes of 

tr.e western peak of South Traveler Mountain. At the latter 

locality, the contact is sharp (fig. 87). Within one or 

two hundred yards of the felsi te, the granite resembles 

the Pamala tacies with granophyric texture. Sprays of 

tourmaline occur on joints both in the granite and in the 

felsite. In contrast with this, granite from the nearest 

outcrop to the Kimball Brook formation near Hathorn Pond 

(SE ninth) shows no observable change from the typical 

granite of the Wassataquoik facies. 

Strata on Wassataquoik Mountain, which have been 

tentatively assigned to the Trout Valley formation of 

Schoharie ( ?) age, have been hornfelsed, presumably by 
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the granite • 

Boucot (1954) suggested that, because of its un-

al te~ed condition, the Katahdin gra..,ite probably post-

dates the major deformation affecting Lower Devonian strata 

in north-central Maine. The present author supports this 

conclusion, although.a pre-orogenic age for the granite 

cannot be pz .. ecluded. The age of the major deformation is 

discussed under the section on structure, but it is believed 

to be Hiddle or early Late Devonian (the Acadian orogeny). 

Hence on the basis of stratigraphic and structural evidence, 

the ~~xi.mum age for the Katahdin gr~,ite is Middle or Late 

Devonian. 

Lyons, tl!l (1957, table 5) published a series of 

age determinations on zircon (lead-alpha method) from some 

Haine and New Brunswick granites. Two of the determinations 

were made on zircons from the Katahdin granite at Ripo3enus 

Gorge, Harrington Lake quadrangle. They obtained ages of 

320 ru1d 316 m.y. (million years) for the Katahdin granite, 

330• 302 and 322 rn.y. for a quartz monzonite near Jackr.1.:m., 

Maine, and 315 !11 m.y. for the series of six determinations 

of Maine m1d New Brunswick granites (including the deter­

minations mentioned above). It is probahle that all these 

ages are too low because of a systematic error that is now 

known to be present in the laad-alpha method. 

Hurley, tl !.! (1959) obtained a K-A minimum age 
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of 364 !10 m.y. for a small quartz monzonlte stock which 

intrudes the Seboomook formation near Jackman. Field work 

by A. Albee, one of the authors of this paper, demonstrated 

that the specimens or quartz monzonite given to Lyons !!_ .!:! 

for study did not come .from this post-Oriskany stock, but 

from an area of pre-Upper Silurian quartz monzonite. 

Apparently the pre-Upper Silurian quartz monzonite had 

been sufficiently affected by a post-Oriskany metamorphism 

so that it did not yield its true age, but rather the age 

of the metamorphism. Hurley tl !!_ also made an age 

determination on this pre-Upper Silurian quartz monzonite 

and obtained an age of metamorphism of 356 !15 m.y. This 

is in good agreement with the ages of metamorphism obtained 

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 tmthod used by Lyons et al yielded --
ages that, in the Middle Paleozoic, are about 40 m.y. too 

low. Second, a quartz monzonite stock near Jackman was 

intruded at approx1mat ely the same time as, or slightly 

later than a period of metamorphism. 

Lyons et al obtained about tha same age for the --
met~~orphism of the pre-Upper Silurian quartz monzoni~e 

stock near Jackman and for tha crystallization of the 

Katahdin granite. Applying the same 40 m.y. correction 
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f'actor to the Lyons !! !_! age of the Katahdin granite 

would yield 360 and 356 m.y. as the ages of the Katahdin 

granite. Presumably, therefore, tre Katahdin granite was 

intruded about the same time as the post-Oriskany quartz 

monzonite stock near Jackman. With reference to the time 

scale published by Kulp (1961),, the Katahd1n granite would 

be of Late Devonian age. 

RELATIONSHIP TO THE TRAVELER FELSITE 

At a number of localities in the world, plutonic 

rooks intrude volcanic rocks with Which they are believed 

to be comagmatic. For example, plutonic rocks of the 

White Mountain plutonic-volcanic series intrude the Moat 

volcanics (Billings, 1956) and the Tertiary plutonio rocks 

on tre island of Mull, Scotland intrude basaltic lavas of 

Tertiary age (Richey, 1948). The Katahdin granite intrudes 

the Traveler f'elsite, both are probably Devonian in age, 

and so the question of whether they are c orna.gma tie arises. 

No chemical analyses of the granite were ma.de as 

a part of this study. A possibly significant mineralogical 

difference is that the fels1te contains garnet an:l the 

granite does not. Garnet is rare in the fels1 te, however, 

and can probably be ignored in a mineralogical comparison. 

There are no other mineralogical features of either rock 

which would exclude their being chemically related• 

A major factor to be considered is that the felsite 
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is pre-Acadian (Early Devonian) while the granite appears 

to be post-Acadian (Late Devonian?). One wonders whether 

it is meaningful to apply the term comagmatic in the 

conventional sense to these rocks. Further, there are 

bodies of .t'elsit e, such as that of Mt. Kineo, which are 

·thought to be related to the Traveler .felsi te, but which 

are in areas devoid of any equivalent of the Katahdin 

granite. It seems probable, there.fore, tba t the relation­

ship between the Traveler .fels1 te and the Katahdin granite 

is not as straightforward as that between the plutonio 

rocks and the Moat volcanics of the White Mountain series. 



CHAPTER IV 

CHEMISTRY AND VOLCANIC HISTORY OF THE TRAVELER FELSITE 

OPTICAL STUDIES OF THE PHENOCRYSTS 

SANIDINE 

The composition of sanldine from two welded turfs 

(specimens KT 206, SE 03-52 and KT 228, SC 25-32) of the 

Pogy member has been determined. In thin sections out 

from each of the two welded tuffs, at least one sanidlne 

crystal was favorably oriented so as to give a centered 

acute bisectrix interference figure. The distances between 

the 1sogyres of these centered figures was measui~ed in 

terms of numerical aperture (N.A.) using an objective with 

an adjustable diaphragm. 2V was then calculated using the 

relationship 2V = 2 sin-lcN•A•)• 
p-

;s of sa.nidine ranges only from 1.525 to 1.531 

(Wahlstrom, 1955) and any value w1thin this range will not 

significantly affect the derived value fo 2V in the above 

relationship. An intermediate value of 1.527, therefore, 

is arbitrarily assumed for.s. Within the limits of the 

method used, the two sanidine crystals from the Pogy 

member had identical optical properties. These are as 

follows: 

N.A. = 0.4 
2V (calculated assuming f3 = i.527} = 30° 
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Optic plane perpendicular to (010) 

According to the data of MacKenzie and Smith {1956, fig. 

1), these properties would correspond to a sanidine with 

a composition of Or67• Estimated 2v•s of sanidine from 

other specimens agree within ±5° to 30° suggesting that 

they have compositions ln the range Or55 to Orao• 
The sanidine trom specimen KT 228 coexists w1 th 

plagioclase of composition An4a• A chemical analysis of 

this rook is presented in table 11. 

PLAGIOCLASE 

The composition of plagioclase from 17 specimens 

of tr.ie Traveler felsite was determined optically. Four or 

these specimens were from the Pogy manbar and 13 were from 

the Black Cat member. These data. a.re presented in tables 

7 and 8 ~spectively. All of the plagioclases studied have 

about the same composition, are strongly zoned and have an 

average bulk composition of An47• 

Samples which contained the .freshest plagioclase 

were selected by thin section study. Fairly clean separation 

or the· feldspar phenocrysts was obtained by using a Franz 

Isodynamic Hagnetic Separator, the feldspar being in the 

non-magnetic fraction. The «'on cleavage surfaces (assumed) 

or the separated plagioolase was determined by using the 

immersion raethod and a sodium-vapor lamp. The composition 

was then read from Tsubo1 1 s curves (Winchell and Winchell, 



1951, p. 281). In order to obtain some measure of the 

compositional zoning of the phenocrysts, the highest and 

' lowest ol observed in a succession of immersion mounts were 

taken to represent the maximL~ and minir.'lUlll An content of 

the plagloclase from a particular sanple. The tabulated 

aver.age composition of the plagioclase phenocrysts .t'rom a 

given saoplo is the est:!.matod weighted average of values 

of ci.
1 
obtained by a grain count. Estima.t ion of the bulk or 

average composition of zoned plag1oolase has long constituted 

a problem for petrographers. (See Bowen, 1928, p. 143 and 

Griscom, 1960). It is probably inherent in tha technique 

used here that the bulk compositions are too high in the 

anorthite component, because some of the outer portions of 

the crystals which would be highest in the albite component 

would probably be lost during the grinding and separation 

process. However, this source or error is difficult to 

evaluate, and, rather than assign an arbitrary correction 

factor, the estimated weighted averages are presented as 

they were determined. 

The compositions of a few plagioclase phenocrysts 

was also determined in thin section by the extinction angle 

method (table 8). Measurements of extinction angles in 

sections out at right angles to (010), angles measured 

from trace of (010), give bulk compositions within ±3 

percent An of the bulk composition obtained for that sample 



TABLE 7 

Optical Determinations of the Com.position of Zoned Plagioclase 
PHenoCl"'JSts from the Pogy Member, Traveler Felsite 

oc'on Cleava~e Surface Mol % An 
s:: Q) 

'ti 'ti ~ f:1 0 ~ (!) 0 ...... .p (!) 'ti (J) 'ti 
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KT 225 SW 35-20 2200 Welded 
South Pogy rt. tuf !' 1.548 1.561 1.554 40% 61% 21% 49}( 
Mountain 

KT 228 SC 25-32 Welded 
South tuft 1.547 1.557 1.553 38 54 16 48 
Traveler 
Mountain 

KT 372 SW 28-15 2180 Felsite 
South Pogy 1.552 1.558 1.553 46 56 10 48 
Mountain 

KT 374 SW 26-14 2200 Felsite 
South Pogy 1.545 1.556 1.551 35 52 17 45 
Mountain 

Averages of the 4 samples 40 56 16 48 
Standard deviation u.o 3.4 3.9 1.6 

!1l 
!:il 
H 
a1 
6j 

er: 

Coexists 
with 
sanidine, 
Or67 
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TABLE 8 

Opitcal DeteI'!Tlination of the Compositions of Zoned Plagioclase Phenocrysts 
from the Black Cat Nember, Traveler Felsite 

ol'on Cleavage Surface Hol :( An 

s:: s:: 
~ "' 

s:: s:: 0 "' 0 
C> 0 .... .... C>"' "'"' .... 
Eli. .... .... E-< .... "' .... 4) C> .... ...... 4) .... "' ..... C> ... .. ., 

.! ...... bO ... ., ! .... "' 0 .!.: 

i§ "' I> .!.: C> S.r:'" ., 
C> C> ~e e.S.!i i., 

t) C> t) ;s: I>() .... wi.. C> .r: bO .. 
0 r1 0 0 .... ........ C> ;s: bO lii ........ C> 0+' I>() E 

tllZ ..:I r..:l a:: ..:I :::: ., .. > 0 .... "' 4) I> .. I.: s:: 4) 
r..:l'.3:< ..:I :i:: a:: r..:l'.3:< r...r..:i..: a:: 

KR llt ilC 38-16 1500 Lava 1.547 
Black Cat ft. 

1.558 1.553 38t 56;t: 18,,,; 48~ 45;t 

Mountain 

KT 208 
Some 

SE 05-515 2230 Lava 1.545 1.557 1.553 35 54 19 48 potassic 
'.!'he feldspar 
TrB>Veler 1n samole 

KT 236 SC 14-57 1520 Lava 1.552 1.560 1.553 46 59 13 48 49 
1:u.m An46 
by ex-

Pinnacle t1nction 
Ridi>'.e an" le 

Poor 
KT 237 SC 16-555 21110 Lava 1.511-7 1.557 1.$52 38 54 16 46 48 sample; 

Pinnacle plagio-
Ridt;e clase 

partly 
altered 

KT 241 co 13-05 
Poor 

1460 Lava 1.545 1.555 1.552 35 51 16 46 sample; 
i3lack Cat cores com-
Eountain pletely 

al tared 

K'l' 242 co 6-05 1870 Lava 1.545 1.554 1.552 35 49 14 46 48 
3lack cat 
1".ountain 

KT 289 ·.vc 26-00; 2223 Leva Core An50 
3lack by ex-
~rook tlnction 
} 1ountain angle 

KT 297 "IC 20-12 ll60 Lava 1.551 1.555 1.552 45 51 6 46 
'llack 
"rook 
~'.ountaln 

:IT 469 c 35-04 2860 ·Lava 1.553 1.561 1.556 48 61 13 52 
";.'.1dd le 
Traveler' 
''ountain 

KT 1170 ~ 37-06 21150 Lava t.5l~8 1.558 1.555 40 56 16 49 
"!Cidd le 
Tr ave le r'' 
l-'.ountain 

K'1' Ii 18 SC 31~5-3< 2530 Laminat l.51i7 1.557 1.551 38 54 16 45 
Some plagio-
clase pheno-

South ed crysts badly 
~reveler Crystal . altet"ed 
"'ounta In ·~ufr 

V:T 424 S"' Oh-l12 2200 ':/elded 1.544 1.555 1.550 33 51 18 44 
Optically 
(+), 

The Tu.ff 2V ii 80 to 
Traveler 85° 

52 
Poor sample; 

KT 425 SC 285- 1920 !"elsite 1.548 1.556 1.551 40 12 45 plagioclase 
475 The partly 
Traveler altered 

!CT 2h5 c 17-09 1160 Fels1te 1.552 1.557 1.553 54 8 
l:'oor sample; 

46 48 plagioc lase 
Howe partly 
3rook .. altered 

l\vers!Ce of 9 samples Lava 40 55 15 48 
Standard deviation 4.a 3.6 3.6 1.9 

Aversv,e of last 4 Misc. 
53 14 46 9qMples 39 

Standard dev1a ti on 4.7 1.3 3.9 1,6 

Avera"'e of 13 samples Felsite 40 54 14 47 
S hnda rd deviation 4.8 3.3 3,7 2.0 
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by indices of retraction (standard deviation= 2.1). Thus 

the two techniques yield comparable results. 

The potassium content of the phenocrysts is unknown. 

A plagioclase in equilibrium with alkali feldspar and with 

an anhydrous melt of trachytic or andestic composition would 

have the maximum possible Or content for a plagioclase of 

a given An content (Tuttle and Bowen, 1958, P• 131-137). 

This Or content has not been determined experimentally to 

the wr1terts knowledge. Tuttle and Bowen (1958, tig. 64) 

present an emperical curve (LK8 ) representing the maximum 

solubility of Or in plagioclase. For plagioclase of 

composition An50• the maximum solubility is 12 percent. 

Curve Llts is based upon published analyses of feldspars. 

It is probable that many analyses which show a high Or 

component (near curve LK8 in figure 64) are of .feldspar 

grains containing two phases rather than one (J.B. Thompson 

and D. B. Stewart, oral communication). Hence too maximum 

Or content of plagioclase is prob ably considerably less 

than that indicated by Tuttle and Bowenta curve LK8 in figure 

64. Furthermore, in the Traveler felsite, most of the 

plagioolase is not in equilibrium with potassic feldspar. 
' 

Sanidine is known to be present in only one dut of 17 feldspar. 

samples investigated. The melt was neither anhydrous nor 

trachytio nor andesitio. All or these factors would lower 

the permissible Or content, It seems probable that the Or 
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content of the plag1ocla.se phenocrysts in the Traveler 

tels 1te is in the range of 0 to 3 percent. The plagioclaae 

phenocrysts which coexist 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 compos1 ti ons of the plagioclase 

phenocrysts from all portions of the Traveler t'elsite. The 

average of the bulk oomposi tiona of the 13 samples .from the 

Black Cat member is An47 with a standard deviation of 2.0 

percent An. Four samples from the Pogy member have an 

average bulk composition of An4e with a standard deviation 

of 1.6 percent An. Admittedly, tte sampling is poor, 

particularly .from the Pogy menber, but the present data is 

remarkably consistent. Some support tor this conclusion 

may be obtained from too standard deviations from the average 

maximum ar~ minimum compositions. Although there are two 

to three times t~~ standard deviations from the bulk compos­

ition, the averages and standard deviations for the two 

members are in good agreement {tables 7 and 8)• 

C LINOPYR OXEIIB 

The compositions of clinopyroxenes from 4 samples 

have been determined from too ir 2V' s and ,tS indices using 

Troger's (1956, p. 62) clinopyroxene composition diagram. 

These data are presented in table 9. Three of the samples 



i::t s:: 
C!.l 0 
a~ "" ..... <D .µ 

~~ 
<d 
0 
0 

r/l~ ~ 

KT 236 SC lfi-57 
Pinnaole 
Ridge 

KT 245 c 17-09 
Howe 
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KT 297 WC 20-12 
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TABLE 9 

Optical Determinations of the Composition of Clinopyroxene 
from the Traveler Fels1te 
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1160 Lava Black 44° 1.720 33 25 42 11(010) 
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Men:i:> er lated) 
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Mountain 
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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 obtained for study. 

Fewer determinations were made, however, because fresh 

pyroxene is much less abunda.'l'lt than fresh plagioclase and 

mueh more difficult to separate {final separation by hand 

picking). 2 V was either estimated (!5°) from the curvature 

of the isogyre in an optic axis figure, or, in one favorably 

oriented crystal, calculated from the measured distance 

between the isogyres of a centered acute bisectrix figure. 

For this particular crystal, the distance between the 

isogyres was measured in terms of numerical aperture (N.A.) 

using an objective with an adjustable numerical aperture 

and V calculated using the relationship V = s1n-l (.!!!!.:..). 
/3 

All of the clinopyroxenes studied are ferroaugites 

in the nomenclature of Poldervaart and Hess (1951). The 

available data. suggest that the pyroxenes like the plagio­

clases are of essentially the same composition throughout 

the Traveler felsita. All of the compositional variations 

in table 9 are within the limits of accuracy ot the 

determinations. 

BIOTITE 

Biotite 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 bioti te were known, the Fe :Mg rat 1o would follow directly 

from the¥ index (Troger, 1956, P• 84). Thompson (1953 

lecture notes) has stated that the local valences in tri­

octahedral micas are better saturated if the mineral contains 

Al in excess of the standard formula (coupled substitution 

octahedral Al+3_tetrahedral A1+3 for octahedral Fe+2-tetra­

hedral s1+4). Analyses presented by Nockholds (1947), how-

ever~ show that the amount of excess Al is closely related 

to the alu,.'tlinum saturation of tee rook containing tr..e 

biotite; the excess is greatest in peraluminous rocks and 

least in peralkaline rocks. Of the biotite analyses pre­

sented by Nock:holds, those which come from rocks with the 
'· 

gre.atest similarity to the Traveler felsite are :f.'rom 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 24 oxygens. An aluminum excess of 0.20 for the 

biotite from the Traveler felsite is arbitrarily assumed. 

The available data presented in table 10 suggest that 

bi oti te has a slightly higher Fe :Mg ratio. than the co­

existing clinopyroxene. 

GARNET 

Garnet has been ob served in eight specimens of the 

Traveler felsite. In most or these only one garnet per 

specimen was observed. Because of the rarity of garnet 1n 



TABLE 10 

Optical Determ.1na.ti ons of the Compositions 
· of B1oti te from the Traveler Felsi te 

Specimen Location Elevation Strati- Rock Type t!o.oo~ FeO:FeO+MgO 
Number graphic assuming 

Posi tio1 no excess 
Al 

KT 236 SC lll-57 1520 Black Lava 1.661 63% 
Pinnacle ft. Cat 
Ridge Member 

KT 372 SW 28-15 Pogy Felsite 1.663 66 
South Member 
Pogy 
Mountain 

FeO:FeO+MgO 
assuming 
Al excess 
of 0.20 out 
of i;,,o 
1'ormula 
unit Al (24 
oxygens) 

65;:& 

68 

FeO:FeO+MgO 
in co-
existing 
clino-
pyroxene 

61~ 

62 

r 
c 
l' 
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the f'els1te as a whole and also in each specimen, it has 

not been practicable to attem~t to separate the garnet for 

a cell edge determination. The refractive indices, however, 

have been determined for the garnet from three specimens. 

These are given below. 

Specimen Location Elev- Strati- Rock Type Index of 
Number at ion graphic Refraction 

Position f0.003 

KT 302A SC 03-56 Black Plow? 1.813 
South Br. Cat 
Trout Member 
Brook 

- ·. 

KT 328 TLSE 10- 1590 Traveler. ti'low 1. 808 
435 ft. felsite, 
Morse undif fer-
i\iiountain entiated 

KT 424 SE 04-42 2200 Black Welded 
The Cat Tuff 1.811 
Traveler member 

Because of the :many compositional variables in eR.rnet, the 

composition cannot be determined from the index of refraction 

alone. 

CHEMICAL AnALYSES 

There are four available chemical analyses of the 

Traveler felsite. Two of these we::·e published by E. S. C. 

Smith ln 1930, and two are in a new analysis made by Dr. 

Jun Ito of Harvard University for the present study. These 
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four analyses are presented in table 11 along with four 

analyses published by Smith (1925, 1933) or other Early 

Devonian felsites of nort-rern Maine. These felsites are 

roughly equivalent in age. A new analysis by Dr. Ito of 

the granophyre near Norway Dam is also included for compar-
) 

ison in table 11. 

One of Smith's analyses is of a specimen .from Snub 

Pitch, South Pogy Mountain (approximate location SW 3L~-18} 

and the other ls of a specimen probably from the 3060 foot 

knob ·on the south ridge of The Traveler (SC 37-41) (E. s. c. 

Smith, writtan communication). Professor Smith very kindly 

gave the author a small piece of each of these two specimens. 

The Traveler specimen, he re cal led ECS-1, is a dark-gray to 

black lava from the Black Cat member. It contains about 

7 percent phenocrysts including plagioclase, pyroxene, and 

btotite. Aggreg~tes of phenocrysts are common. An estimate 

mode of the phenocrysts in this specimen is included in 

table 3. Because of the small area of the thin section, 

little confidence should be placed in this mode. 

The Snub Pitch specimen, here called ECS-2, is a 

dark-gray, fresh-looking banded felsi te of the Pogy me:rrber. 

It contains about 7 percent phe nocryst s, mostly badly 

sericitized plagioclase, very minor quartz, and some 

completely altered ma.fie silicates. Whether the rock is 

a lava or a welded tuff cannot be determined f~.·om the 



TABLE 11 

Chemical i\nalyses and Norms of Early Devonian Felsites 
and Granophyre fr?m Northern Maine 

Qz 
Or 
Ab 
An 
Cor 
Mn-Fyx 
Wo 
En 
Fa 
Mt 
Il 
Ap 
Total 

Qz 
Or 
Ab 
An 
Cor 
Mn-Pyx 
Wo 
F.n 
Fa 
Mt 
Il 
Ap 
Total 

1. 

73.72 
0.12 

12.96 
0.23 
2.02 
0.04 
0.11 
0.83 
3.44 
4.97 
o.46 
o.88 
0.08 

99.86 

1. 

32.49 
29.37 
29.11 
3.56 
1.24 
0.08 

0.21 
1.02 
1.67 
0.23 
0.20 

99.24 

35.91 
28.02 
29.49 
3.40 
0.81 
0.06 

0.21 
o. 77 
o.96 
0.15 
O.lt 

100.0 

* 

1.15 
1.18 

* 

2. 

74.39 
0.33 

12.40 
1.91 
o.66 
0.05 
0.19 
1.32 
2.64 
5.09 
o.63 
0.31 
o.~2 

160. 4 

2. 

36.97 
30.06 
22.34 
4.45 
0.92 
0.08 

0.48 
o. 77 
1.78 
0.62 
0.111 too: 

40.65 
28.54 
22.51 
4.23 
o.89 
0.06 

0.48 
0.57 
1.02 
0.41 
o.6~ 

100.0 

Chemical Analyses 

* 

1.23 
1.26 

2a. 3.** 

11.82 
0.28 

12. 79 
1. 76 
2.57 
0.06 
0.15 
1. 70 
3.32 
4.61 
0.35 
0.38 
0.12 

99.91 

Weight Percent Norms 

* 2a. 

30.3 
26.7 
23.7 
10.i 

0.2 
0.1 

o.8 
3.4 
3.0 
1.2 
o.6 

106.1 

3 .·:Ht 

30.74 
27.25 
28.06 
6.40 

0.10 
0.50 
0.37 
1.82 
3 .1.3 
0.53 
o.~o 99.6 

"Oxy.,.en Percent" Norms 

33.7 
25.7 
24.2 
9.7 
0.2 
0.1 

o.8 
2.6 
1.7 
o.8 

~ 

.3U. .17 
26.16 
28.59 
6.41 

0.08 
0.43 
0.37 
1.38 
1.80 
0.35 
0.26 

100.00 

*Iron oxide recalculated using the ratio Fe+.3 to Fe+2 in 
Daly's average post-Cambrian granite and keeping the total 
iron constant. The val~s in this column were used in 
the norm calculations. 

·:Hi-Also reported 

Bao .oox - .ox 
SrO .OOX - .OX 

* 

2.16 
2.21 

* 

4. 

71.42 
0.23 

13.22 
3.21 
1.82 
tr 

0.51 
2.00 
4.40 
3.51 
t~ 

o.o~ 
l00.3 

4. 

27.24 
20.76· 
37.24 
5.95 

1.55 
1.27 
2.20 
.3.54 
0.44 
0.10 

100.29 

/ 

30.11 
19.82 
37.73 
5.69 

1.33 
1.26 
1.66 
2.03 
0.29 
0.09 

160-.01 

* 

2.44 
2.51 

* 

5. 

71. 74 
0.23 

13.26 
3.09 
1.74 
tr 

0.61 
1.92 
4.49 
3.34 
nil 

0.06 
100.48 

5. 

29.0l 
19.76 
37.97 
6.15 

1.23 
1.52 
2.10 
3 .40 
0.44 
0.1~ 101. 7 . 

31.50 
18.53 
37. 79 
5. 77 

1.04 
1.48 
1.56 
1.92 
0.28 
0.13 

100.00 

* 

2.35 
2.41 

* 

6. 

69.46 
0.15 

13.04 
2.00 
3.55 
0.01 
0.44 
1.96 
4.19 
3.87 
1.01 
n.d. 
n.d. 

99.74 

6. 

25.08 
22.88 
35.45 
5.34 

0.13 
1.84 
1.09 
2.68 
4.03 
0.29 

w-:-g1-

28.32 
22.32 
36. 71 
5.21 

0.10 
1.61 
1.11 
2.07 
2.36 
0.19 

100.00 

2. (KT 208, SE 65-515) Groundrnass of lava, Black Cat 
member, Traveler felsite from east flank of The 
Traveler; Jun Ito, analyst. 

2a. (KT 208; SE 05-515). Norms for rock calculated by 
combining model analysis of phenocrysts with the 
chemical analysis of ~roundmass. See text for 
explanation. 

2.78 
2.85 

* 

3. (KT 228, SW 26-14) Welded tuff, includiM phenocrysts 
of the Pogy member, Traveler felsite from~too western ' 
summit of South Traveler; Jun Ito, analyst. 

~lements spectrographically found 

Pb, Ag, Sr. 
Cr, Mo, V, Zr, Ga, Be 
Sc, Y, Yb 

1. (KT 411) Granophyre, north side peninsula south of 
Norway Dam, Matagamon Lake; Jun Ito, analyst. 

4. (ECS-1, ) Lava, Slack Cat member, Traveler felsit e from 
the .3040 + foot knob north of TravelPr Gap. Analyzed 
at the General ~lectric Laboratory ,Sebnectady, N. Y. 
(F.. s. C. Smith, 1930, Am. Jour. Sci., vol. 19, p. 7). 

Chemical ~nalyses 

73.01 
0.13 

12 .62 
1.55 
2.45 
0.01 
0.44 
1.22 
3.80 
3.69 
0.64 
n.d. 
n.d. 

99.62 

2.00 
2.05 

8. 

75.4i 
0.10 

12.89 
0.08 
1.79 
0.06 
0.01 
1.09 
2.87 
4.63 
0.56 
0.06 
0.12 

99.67 

Afeight Percent Norms 

32.60 
21.79 
32.15 

6.07 
0.16 
0.12 

1.09 
1.90 
2.89 
0.24 

99:01 

* 8. 

38.55 
27.39 
24.28 
4.56 
1.48 
0.12 

0.03 
o.86 
1.39 
0.20 
o.~o 

99.16 

"OxyC'en Percent Norms 

36.11 
20.85 
32.64 
5.80 
0.16 
0.09 

1.09 
1.44 
1.66· 
0.16 

100.00 

42.14 
25.86 
24.33 
4.31 
1.43 
0.09 

0.03 
0.64 
0.79 
0.13 
0.26 

100. 01 

* 

* 

0.96 
0.99 

9. 

69.50 
0.15 

15 .12 
2.00 
3.55 
0.05 
0.76 
1.28 
2.33 
3.76 
1.33 

9. 

36.43 
22.21 
19.72 
6.34 
4.89 
0.08 

1.89 
2.69 
4.03 
0.29 

98.57 

40.77 
21.47 
20.23 
6.13 
4.a4 
0.06 

1.90 
2.06 
2.34 
0.19 

99.99 

* 

2.78 
2.85 

* 

Qz 
Or 
Ab 
An 
Cor 
Mn-Pyx 
Wo 
En 
Fs 
Mt 
Il 
Ar 
Total 

Qz 
Or 
Ab 
An 
Cor 
Mn-Pyx 
•<lo 
En 
Fs 
Mt 
Il 
Ap 
Total 

5. (ECS-2, apprax:imate location S~-1 34-18) Felsite, Pogy 
member, 'I'raveler felsite from Snub Fitch, South Pogy­
Mountain. Analyzed at the General Electric Laboratory, 
Schnectady, N. Y. (E. s. C. Smith, 1930, Am. Jour. 
Sci., vol. 19, p. 7). 

6. Fels1te from Sonbunge Mountain, Harrineton Lake 
quadrangle; George J. Steele, analyst (E. s. c. Smith, 
1933, Arn. Jour. Sci., vol. 25, p. 228). 

7. Felsite from Big Spencer Mountain; George J. Steele·, 
analyst (E. C. s. Smith, 1933, Arn. Jour. Sci., vol. 
25, p. 228). 

8. Felsite from Mt. Kineo; George J. Steele, analyst 
(B. s. c. Smith, 1933, Am. Jour. Sci., vol. 25, p. 
227). 

9. Pelsite fron Coburn Mountain; George J. Steele, 
analyst {:;:. s. C. SMith, lc,33, f\m. Jour. Sci., vol. 
"')r' .. ')')'7 \ 
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specimen. In thin section the rock is seen to have been 

much f'raotured. The fractures have been annealed w1 th 

felsitic material tor the most part. However, they also 

contain epidote, ehlorite, and fluorite (?} (isotropic, 

.colorless, strong negative relief, at least 2 oblique 

cleavages). It is possible, therefore, that the analysis 

does not represent the original composition of the rock. 

The new analyses of felsite are numberP ~ a.~d 3 

in ·table 11. Number 2 is of the groundmass of a t low of 

the Black Cat member (KT 208, SE 05-515). The groundmass 

was separated from the phenocrysts by the use of the Franz 

Isodynamio Magnetic Separator and heavy liquids. A point 

count of the sample submitted to the analyst showed the 

separation to be 99 percent effective (9 points out of 

1000 were plagioolase phenocrysts). In the succeeding 

calculations, this 0.9 percent impurity has been ignored. 

A mode or the phenocrysts in KT 208 is included in table 

3 1 and figures 60·and 6l·are photomicrographs of the thin 

section made from the analyzed specimen. Plagioclase 

phenocrysts from this rock have a bulk composition of An48 

(tab le 8). 

Analysis number 3 is _of specimen KT 228, a welded 

tutf of the Pogy member trom the summit of the western 

peak of South Traveler. A mode of the phenocrysts of this 

rock is included in table 2, and figure 4la is a photo-
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graph of the hand specimen. In this welded tutr, plagio­

olase of bulk composition An48 (table 7) coexists with 

sanidine of composition Or67• 

Smith's petrographic and geographic descriptions 

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 

several thin sections of the felsite from Soubunge Mountain, 

a small isolated peak in the northwest corner of the 

Harrington Lake quadrangle about 8.5 miles west-southwest 

of Center Mountain (figs. 1 and 4). The thin sections 

appear identical, in the. assemblage of phenocrysts and in 

texture, with those of the flows in tm Black Cat member. 

Heath (1959) reports both welded tuft and lava on Big 

Spencer Mountain. The author has hastily examined thin 

sections of four of Heath's specimens and supports the 

oonclusi on that welded tuffs ·and flows are present. These 

rocks differ from the Traveler felsite in that the feldspar 

phenocrysts are predominately sanidine and that sparse 

garnet was the only ma.fie silicate observed. Boucot {in 

preparation and oral communication) states that the telsite 

on Mt. Kineo is a massive lava prob ably in the form of a 

dome. Garnet is rare in the telsite on Mt. Kineo. Finally, 

the garnet-bearing telsite of Coburn Mountain is intrusive 

(Boucot, 1n preparation). 
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A standard weight percent norm, using one oation 

oxides as suggested by Eskola (1954), and an "oxygen 

percentn norm, using a method suggested by J.B. Thompson, 

have been caloula ted for each of the ana. lysas. These 

norms are also presented in table 11. 

It should be noted that there is considerable range 

in the FeO:Fe203 ratio in the analyses. The FeO:Fe203 
ra~1o is essentially a funotion of the activity of oxygen, 

which can vary w1 th time ·and, in lavas, from place to 

place (Kennedy 1955 and J. B. Thompson, oral communication). 

In order to have a common basis for comparing the analyses, 

:t1:}~. total iron (mol. prop.} in each analysis wat'I redistri­

buted between FeO and Fe203 using a constant FeO:Fe203 

?-atio for all the analyses. The ratio selected is that 1n 

Daly's {1933) average post-Cambrian granite. The re­

ealoulat ed values of FeO and Fe2o3 appear in table 11 to 

the r:i.gh t of the values reported by tl:e analyst for each 

specimen. The recalculated values of the iron oxides were 

used in all the petrographic calculations, 

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 relative 

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 

procedure was used to calculate the "oxygen percenttt norms 

in table 11. 

In four of the analyses, the molecular proportion 

of alumina exceeds the combined molecular proportions of 

lime and alkali oxides. The excess alumina -was calculated 

in the norms as corundum. Shand (1952, p. 228-231) has 

suggested that rocks with the above relatiaiship between 

alumina and lime plus the alkali oxides be called per­

aluminous. He further points out that peraluminous rocks 

are likely to contain such mineral::. ·as muscovite, topaz, .. -. 

garnet and corundum. In agreement with the peraluminous 

nature of some of the telsite as datennined from the 

analyses, garnet occurs in a number of Devonian felsitos 

of northern Maine. Furtmr, the rocks w1 th the highest 

percentage of garnet (the intrusive fels1te from Coburn 

Mountain) is the rock with the greatest excess of alumina 

over the alkali oxides plus lime in the analysis. Smith 

(1933) and later Bouoot (in preparation) report that the 

dominant phenocryst in tm .telsite from Cobum Mountain is 

garnet. 

The ternary feldspar composition of the weight 
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percent norms are plotted in figure 89. As would be 

expected, the composition of the ternary feldspar of 

analysis no. 2, the ground.mass of a lava from the Black 

Cat member, lies closer to tl:e Or corner than the ternary 

feldspars of the other analyses of bulk samples (ground.mass 

plus phenocrysts). From petrographic work it is felt that 

the Traveler felsite is, to a first approximation, iso­

chemical. Therefore, if the composition of the phenocrysts 

is added in. the observed proportions to the analysis of 

the groundmass of KT 208, the total composition of this 

lava should be similar to th9 compositions of other 

specimens of Traveler fe lsite • The phenocryst mode (table 

3) and the "oxygen percent" norm of tbe groondrnass of 

specimen KT 208 were combined in the ratio J.4:86 to give 

the bulk composition of the rock in terms of molecular 

p?'oport1ons of one-cation oxides~ Prom these a weight per­

cent. norm. and an "oxygen percent" norm were calculated for 

the rock. Ce:rtaln a1mplif1oat1ons a"l.d assumptions were 

necessary in order to calculate the molecular proportions 

of' one-cation oxides from the mode of the phenocrysts. The 

assumptions made concerning the compositions of the pheno­

crysts are consistent with determined compositions of pheno• 

crysta in the Black Cat mernb er. The mode of' the phenocrysts 

from KT 208 is reproduced below from table 3 and beside 

this observed mode is sh~#n the readjusted mode used in 



• Optically determined compositions or 
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 

Figure 89. Ternary feldspar 
composition of weight percent 
norms of felsites and granophyre 
from northern Maine. Numbers · 
refer to analyses in table 11. 

felsite. ---- Pro.1ected isothermal, iso­
baric 4-phase fields in the 
system Or-Ab-An-H20 at 5000 
bars saturation pressure. 
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~-~-~ Tie line connecting comp­
osition of plagioclase pheno­
crysts and the ternary feldspa 
composition of the analysed 
groundmass.of KT 208. 

Tie line connecting 
compositions of coexistin 
phenocrysts in KT 228. 
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the calculations. 

observed~ 

plagioclase 

ma.fie silicates 
(both clino­
pyroxene 
a..'1d biotite 
observed) 

opaque minerals 

23 

11 

mode used in calculations 
____. _,,__, - -
66~ 

25 

9 

{

Ab .34 

An 32 

pyroxene 13{~~ ~ 
Fs 6 

{

annite 
blotita 12 

phlog. 

{

Mt 

Il 

6 

3 

8 

4 

The additional n.orms of KT 208 are also presented in table 

11 and the composition of the ternary feldspar is plotted 

in ftgure 89 (point 2a). 

In terms of weight percent norms, all of the rooks 

analyzed are rhyodacites (plagioclase components exceed 

orthoclase components), al though several of them have very 

nearly eq1.ial amounts o.f the plagioc lase and orthoclase 

components and might be called qi1artz latites. The 

composition of the ground.mass of KT 208 is the only one of 

the group that can be ta.ken with any confidence to represent 

the composition of a liquid. This groundma.ss is a rbyolite 

(orthoclase components exceed plagioclase components), 

although it also might be called a quartz latite. There 

is the question as to whether tr~ phenocrysts were in 

equilibrium with a liquid of the compos1 ti on of the 



263 

groundroass. A suggestion that the pP~nocrysts were 

approximately in equilibrium with a liquid of this 

composition may be obtained by comparing the ter::i.ary feld­

spar composition or the groundm.a.ss with the optically 

determined compositions of coexisting sanidina and plagio­

clase in KT 228. These data are plotted in figure 89 

along with the location of the projected four-phase fields 

(two feldspars plus liquid plus gas) determined experi­

mentally by Yoder, Stewart and Smith (1957) in the system 

Na Al31305(Ab} - KA1Si30a(Or) - Ca.Al2Si20s(An) - H20 at 

5000 bars pressure in a steam saturated system. There is, 

of course, no reason to expect precise agreement between 

the multicomponent felsite and the experimental system 

(especially as the experimental results were obtained for 

a higher pressure in a steam saturated system than is 

envisioned for the felsite magma),, because the calcium 

content of the sa.nidine and the potassiurn content of the 

plagioclase are not known, and because tba phenocrysts and 

groundmass are from different rocks. NevGrtheleas, the 

comparison does suggest that a) the analysis of the groilnd­

mass of KT 208 1s a reasonable one, b) the phenocrysts were 

essentially in equilibrium with a liquid of t.'1.e c ompos i ti on 

of the groundmass. The groundmass itself' later and at a 

much lower temperature devitrified into its own assemblege 

of minerals, including a nearly pure potassic feldspar and 
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Also projected into this system are 
the isobaric quartz-feldapar field 
boundaries in the system Si~ -
Or - Ab - H20• 
Total pressure in 
system in kg/cm2. 
t Isobaric, 1sothermal ternary, 
minimum in the system Si02 -
Or - Ab - H20• 

(Data from Tuttle and 
Bowen, 1958, fig. 38). 

·- ·• ~ :;•Jff·-- n:z J ~.,.. "-::;.;.:_:.---.""-,.t.."\ ;_~.~-·;;\~·----~ 

Pigure 90. Compositions of 
felsite and granophy~e from north­
ern V.aine projected into the system 
Si02 - Or - Ab. Numbers refer to 
analyses in table 11. 
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X-ray diffraction studies were made of tr~ structural 

states of tP~ same 17 plagioclase samples whose compositions 

are known fran optical dete:rm!nations. The data obtained 

for 10 of these samples is considered adequate, while the 

remainine 7 determinations shruld be regarded as provlsion­

al. 

Diffraction patterns were obtained using smear 

mounts on a Norelco high angle Geiger-counter diffractometer 

equipped with a Cu tube and a Ni filt0r. The scale factor 

was 1+, the multiplier 1, and the time constant 4. The data 

c~nsidered adequate were obtained from runs of two complete 

03eillations '<thereby covering the approximate 26 regions 

tour times) at a goniometer speed of 1/4° per ninute and 

a chart sea.le o:f 2 inches per degree. Because only relative 

p~ak locaticns were required, no internal sta..l"ldard was 

used. 

Distances between a.ppropria te peaks were measured 

to the nearest 1/50 inch (0.01° 29). A peak location was 
. , .. 
tAken as a point mldway between the edges of a peak at 

two .. tbirds of the peak height (estimated). There was s o~e 

uncertainty in estimating two-thirds of the height of som6 

of the broad mult1.-su:rmnit poaks. It was necessary to 

modify the two-thirds height rule with respect to sorne 

peaks in order to get above the "background 11 of the br•oad 

base of tho peak and 1nto the portion leading to tbe highest 

major summ1 t. 
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STRUCTURAL STATES 

Three sets of data were obtained: the angular 

separation (A20) between the (lJl} and t~ (131) reflections, 

between the (132} and the (131) reflections and between the 

(24l) and the (l32) 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 or the angular separations given in the table under 

the heading specimen values are the averages obtained from 

two single observations. An nobservation" (after Chayes 

and MacKenzie, 1957) is the average of the two angular 

separations obtained from a single oscillation. Chayes and 

MacKenzie (1957. P• 537) have pointed out that there is a 

small but persistent difference between angular separations 

obtained by scanning in opposite directions. The standard 

deviations of the L'i.2G of one observation from the other for 

the three sets of angular separations (1Jl)-{l31), (132-(131) 

and C24l)-(l32) are respectively 0.012 {10 samples), 0.017 

(8 samples), and 0.016° 20 (5 samples). Smith and Yoder 

(1956, p. 635) using essentially the same procedure, 

estimated too probable accuracy of the average value of 

peak separation for any sample to be !0.02° 20 or better. 

The results of the present investigation canpare favorably 

with their accuracy. 

Provisional data for the remaining seven plagioclase 



.. Table 12 . ' 2'8 
AnguJar: Se~ration "128) of certain Reflections of 

Pla i c se Phenocr sts from theTraveler Felsite 
A 29 (lJl) - (131) in Degrees L:. 2e (132) - (131) in Degrees 1::. 29 .. <?4l) (132) in Le ~~.e: ~ ...... 

... 

Specime Rock , 1ol % An "Quartz Scan Spee_~ to per Mirute Scan Scan Speed to per Minute Scan Scan Speed f' per Minute 

No. and Type and From Index" S~ed 
I I Speed_ I 

Locetio Strati- Optics Increas Decreas Obs er- Specimen 1 per Increas Decreas Obser- Specimen 1° per In ere as Decreas Obs er-
gr~phic. gz ing 28 ing 29· vation Value Minute; ing 29 ing 29 va.tion Value Minute; ing 2e ing 2B vation 

. . 
Member qz-+-plag Ayerage Average 

in ( ) in ( ) .. .. 
''. 

48. '' 1 KT 208. , lava; 0% 1.85 1.88 1.865 l.eB 1.92 2.31 2.32 2.315 ** 2.28 1.80 1.77 1.785 *** 1.80 
E 05-515 lack Ca 1.90 1.89 1.895 1.88 not easurab 2.24 not asurabl 1.80 

' 1.92 2.28 1.80 
(1. 92) (2 .28) (1. 80) 

2 KT 236 Lava';· · 48 0 1.87 1.87 1.87 1.87 1.88 2.27 2.28 2.275 2.28 2 .28 1.83 1.80 1.815 1.81 1.80 
c 14-5? lack Ca 1.88 1.87 1.875 1.88 2.29 2.29 2.29 2.2~ 1.81 1.79 1.80 !:~8* '• 1.92* 2.2 * 

.. . '. (1. R8) (2 .28) (1. 80) 
\. 

:J KT 237. Lava;- 46. < i: . '_1.89 1.87 1.88 1.88 1.84 2.31 2.29 2.30 2.30 2.32/. 1.77 not rnea urable *~·** 

. SC 16~ lack Ca· 1.86 1.88 1.87 1.28 not easurab 2. 32.;. not 
. ' .. 555 :- .·. .. ' . 1.84* 2.36* ... . ,,, ' . . ., . , . . . . . 

(1. 84) (2. 32) .. 

: . 4 KT_ 469_ . 52 0 .. 1.85 1.84 1.845 1.84 1.84* 2.32 2.31 2.315 2.32 2.36* not 
c 35-04 1.85· 1.83 1.84 1.84* 2.32 2.31 2.315 2.32* not 

(1.84) (2. 36) 
... 

5 KT 470 ::49 .. . : .. 0 --L89 1.90 1.895 1.90 1.92* 2.24 2.2.3 2.235 2.24 2.24* not 
c 37-06 

.. 
2.24* .. ' . ''. 1.89 1.90 1.895, . 1. 92* , 2.26 2.24 2.25 not 

; . . . . (1. 92) (2 .24) 

KT 418 . 45 0 1.79 1.80 1.795 
i 1.72 1.71 1.t9 1.72 1.80 1.84 I 2 .33 2.33 2.33 2.34 2.32 1.70 

. SC 34- 1.79 1.80 1.795 1.80 I 2.37 2.34 2.355 2.32 1.68 1.69 1.685 1.68 
32 (1.84) (2. 32) (1. 72) 

·7 KT 424 44- 1'o' . 'i.80 1.79 ·1. 795· 1.80 1.80 i 2.35 2.34 2.345 2.33 2.36 1.69 1.69 l.t9 1.70 1. 72 
SE 4-42 ;i_.81 1.80 . -1.805' 1.80 I 2.32 2.32 2.32 2.36 1.69 1.71 1.70 1.72 

'·•· (1.80) I (2. 36) (1.72) 

:,"··3 KT 425 45 < 1: 1.90 1.90 1.90 1.89 1.88* 2.27 2.28 2.275 2.28 2 .32* 1.77 1.77 1.77 1.77 1.76* 
SC 285- ·1~88 1.89 1.885 1.88* 2.28 2.30 2.29 2.28* 1.77 1.78 1.775 1.80* 
475 (1. 88) (2. 32) (1.80) 

KT 228 Welded 48·. 1.76 .. 'l. 755 1.76 
I· 

1.68 ·_. 39 1.75:. 1.76 : 2.35 2.38 2.365 2.36 2.32 1.69 1.66 1.675 1.72 
sw. 25- Tu.ff; l.76. . .l.75, ~.755 1.76 2.33 2.37 2.35 2.32 1.69 1.66 1.675 1.72 
32 Pogy . ~ . . . 1. 76* 2.32* 1.64* 

(1. 76) (2. 32) (1.72) 
'' 

10 KT 374 Felsi te; 45 50 1.78 1.77 1.775 1.77 2.34 2.34 2.34 2.34 1.69 1.6? 1.68 1.67 
SW 26- Pogy . 1. 76 1.77 1.765 2.33 2.34 2.335 1.66 1.6, 1.655 
14 

. *·Scale factor 8 **** Value used: 1.77 
** Value used: 2.30 f Poor resolution 

*** Value used: 1.79 
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TABLE 13 

Angular Separation (62G) of Certain Reflections of Plagioclase 
Fhenocrysts from the Traveler Felsi te 

Provisional Valuea 

-

.-·-

A29 (lJl) ... (131) in £\20- (24l)-(l32) I "quartz index" ~26 (132)~(131) in 
of pheno. degrees (soan speed degrees (scan speed in degrees (scan 

1° per minute) io per minute) speed 1° per minute 
9. z 

( qz+plag. ) I Increas- Average Increas- Average · Increas- !Average 
1ng 20 ing 29 1ng 29 

I 1% 1.92 1.92 
1.96 

2.28 2.28 1.84 I 1.84 -

1.92 

•'-'V ....... vv ~•C..V -'-• 
1.88 1.80 
1.88* 1.80 

0 • 1.7 -~r-1~1 

1.88 1.80 
1.88* 1. 6* 

• • 0 
1.88 1.80 

7 • 0 •. 0 1.72 --11.7-2 
1.68 

e IV I 2.32 2.32 1.72 I 1.72 
2.32 1.68 
2.28* 1.72* 

*Scale factor--8. 
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Table 13 (Continued) 

11. (KT 116, WC 38-16); lava from the Black Cat member. 

12. (KT 241, C 08-05}; lava from the Blaok Cat member. 

13. {KT 242, C 06-05); lava from the Black Cat member. 

14. {KT 297, WC 20-12); lava from the Black Cat member. 

15. (KT 245, C 17-09); telsita from the Black Cat member. 

16. (KT 225, SW 35-20}; welded tu.ff fro~ the Pogy member. 

17. (KT 372, SW 28-15); .t'els1te from the Pogy member. 
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FIGURE .91 

. ·vori'afion of 20(131)-20(131) with 

c o mp o s i ti o n for p I a g i .o c I a· s e:, p h e n o c r y st s f r o m . . . . 

.. th~ T r ci v e I e r f e I s rt ~ ·,:: ~ C ·o m p o s it i o n s 

determ·ined optically. 

• From the Black Cat member 

• from the Pogy member 

O Provisional values from Black Cat member 

A Provisional values from the Pogy member 
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'cdata from Smith and Yoder, 1956, fig. 2) 
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-(241)-(132) respectively 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 the 

respective limiting values of L'. 20 plotted against mol per­

cent An. (Smith and Yoder, 1956, fig. 3; Smith, 1956, 

fig. 4; and Goodyear and Dutf1n, 1955). These authoas have 

demonstrated that the structural state of a plagioclase, 

as determined fran the specific value of the angular 

separation of each of these sets of reflections, is a 

function of both the composition and the thermal history. 

Thus, if the composition of the plag1oclase is known (the 

compositions of the plagioclase phenocrysts troro the 

. Traveler felsite were determined optically) a thermal 

history of the plagioclase may be determined. For a given 

An content, "high'' {high temperature) plagioclase has 

higher values of 20(1Jl)-2e(l31) and 20(24l)-2e(l32) than 

"low" plagloclase. For a given An content, "high" plagio­

clase has lower values or 29(132)-26(131) than "low" plagio-

olase. 

The significant feature common to all three figures 

1s that plagioclase phenocrysts from the Black Cat member 

have A 29 values cm ra.c ter ls tic of plagioclas e of an inter­

mediate thermal stat3, while the plagioclase phenoorysts 

from the Pogy member have A20 values characteristic of 
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plagioclase of a low thermal state. The dif'f'erence between 

the structural states of the feldspar phenocrysts from the 

two members is shown most convincingly by figures 91 and 

93. The reason this difference is less pronounced in 

figure 92 is probably because of the closeness of the 
-limiting values of 20(132)-20(131) for "high" and "low" 

plagioclase of a composition between An40 and An50• 

GEO LOG IC ENVIR01U-1:I~NT AND PETROLOGY 

It has been shown that for the samples investigated 

plagioclase of an intermediate thennal state is characteristic 

of the Black Cat men:ber and plagioclase of a low thermal 

state is characteristic of the Pogy member. It shculd also 

be pointed out that the "intermediate" plagi oclase is almost 

exclusively from lava and does not coexist with quartz 

phenocrysts. Conversely, the "low" plagioclase is primarily 

from welded tu.tr and does coexist with quartz phenocrysts. 

Finally, because the Traveler felsite was probably erupted 

in a short time interval and because the Pogy member under-

ll es the Black Cat member, the "low" plagioclase may have 

come from higher in the magma chamber than the uinter­

mediate" plagioclase. Tm author believes that the above 

. relationships present a picture consistent with ideas of 

volcanism and phase equilibria. 

Before presenting what the author believes to be 

the most reasonable explanation of the structural states 
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of the plagioclase phenocrysts, an alternate possibility 

should be mentioned, By coincidence, all tour samples of 

plag!oclase phenocrysts of the Pogy member and the two 

samples from the Black Cat member which are "low" plagio­

clase come rrom outcrops in the vicinity of the contact 

with the Katahdin granit-e. These samples were selected 

solely because tl:ey contained the freshest plagioolase 

phenocrysts 1 and the pattern of their areal distribution 

was not realized until after tbe X-ray study had been 

completed. Of the six sample a KT 418 i-1as collected from 

the out crop closest to the grar..i te, about 400 feet verti-. 

ca lly away. 

It ia possible that all of the plagioclase pheno­

orysts from the Traveler fels1te were initially of the 

intermediate or high thermal modification. Those which 

were subjected to prolonged and htL~id heating in the sub­

solidus region by the cooling of the nearby Katahdin 

batholith may have inverted to a lower temperature modific­

ation •. 

The felsites samples in question, however. show no 

contact metamorphic effect either in outcrop or in thin 

section. The plag1oclase phenocrysts are still strongly 

zoned. In cutcrop, the felsite sa~ples are among the 

blackest, freshest-looking rocks in the entire Traveler 

felsite. Closer to the contact, the felsite ia 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 dJservations and with so much of the predicted 

behavior of volcanic eruptions that they are believed to 

be the r.iost reasonable explanation of tbe structural states 

of the plagioclase phenocrysts. Supportin5 evidence should 

be sou;ht from structural analysis of fresh plagioclase 

phenocrysts from the Fogy member in the vicinity of Horse 

Mountain. Such samples are not available at present. 

dith the exception of rare non-porphyritic tuff 

in the Po'.?.Y member, phenocrys ts are present in all samples 

of the Traveler felsite. The magma must, therefore, have 

been at the liquidus at the time of eruption. Probably the 

phenocrysts in the felsite are the ones with which the 

magma was in equilibrium 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 believed, therefore, that to a first 

approximation, the Traveler felsite is isochemical, exclud­

ing volatiles. Attempts to demonstrate this by the index 

of refraction of the fused felsite have not been successful. 

Repeated heating of the powdered felsite on platinum foil 

before a gas-oxygen torch, hot enough to melt the platinum 

foil, has failed 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 liquidus of the system Si02-0r-Ab-H20 in 

the vicinity of the minimum melting mixture on the silica­

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. Schairer (1950) and 

Tuttle and Bowen (l958) have shown that regardless of the 

pressure on the steam saturated system, the liquidus surface 

has a steep thermal slope on the silica side of the field 

bourrl ar y and a very gent le slope on the feldspar side of 

the field boundary. For liquids in the vicinity of the 

minimum melting mixture, slight differences in the bulk 

composition or the temperature wou. ld result in differences 

in too first phase to crystallize from the liquid and hence 

differences in the assemblage of phenocrysts. 

Three assemblages of felsic phenocrysts have been 

observed in the Traveler felsite: 

A. plaeioclase alone (Black Cat member mostly) 

B. plagioclase + quartz {Pogy member mostly) 

C. plagioclase + quartz + sanidine (scarce) 

{ Pogy merrb er). 

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 explanation for the difference in 

assemblages of phenocrysts, assuming an isochemical sequence 

of felsites, is that those containing pJa.gioclase alone 

were erupted at a higher temperature than those containing 

plB.gi oc lase and quartz. Support for this conclusion is 

found in the fact that plagi oclase phenocrysts coexisting 

with quartz phenoc rys ts are of a. lower temperature mod if ic­

a tion tmn those which occur without quartz. Further, 

assemblage A is wimarily frorn the Black Cat member 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 the ma&ma 

chamber, while assemblage A came from the hotter interior. 

One more factor must be considered. Assemblage A 

is found p::.•ima.rily in lava while assemblages B and C are 

found primarl ly in welded tuff. Various authors have 

suggested the importance of the volatile content of a magma 

upon the type of volcanic eruption. Kennedy (1955, p. 495) 

has called attention to the sequence of volcanic rocks in 
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Yellowstone Park. The lowermost beds in this sequence are 

crystal tuffs and poorly consolidated ash. These are over-
1 

lain by welded tuff and these in turn by obsidian flows. 

Kennedy suggests that this stratigraphic sequence indicates 

a decrease in volatile content during the eruptions. The 

sequence of volcanic units in the Traveler felsite is 

grossly the same as in the rhyolites of Yellowstone Park, 

·although the proportions of various rock types may be 

different. A thin layer of tuff, originally vitroclastic 

ash, for ms the base of the Pogy member. This is overlain 

by a thick succession of welded tuff (the bulk of the Pogy 

member} and these in turn by the lavas of the Black Cat 

member. 

The chief volatile component in silicate melts is 

probably H2o. Tuttle and Bowen (1958) have shown that 

the effect of saturating liquids in the system Si02-0r-Ab 

with H2o is two-fold. First, the greater the water content 

of the liquid (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 

lThere is disagreement between Kennedy and Boyd 
as to whether these uni ts 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. Either interpretation, 
however, suffices for this discussion. 
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of eruption. The second effect of saturating liquids in 

this system with H2o is to shift the field boundary between 

the quartz and feldspar fields first toward the si lie a 

corner and then with increasing aH20 (increasing total 

pressure) back towards the Or-Ab side (fig. 90). Tuttle 

and Bowen show the closest approach of this field boundary 

to the si lie a corner at a saturation pressure of 500 kg/cm
2 

although their figures 20 and 21 show that the closest 

approach in the system s102-Ab-H2o occurs at a somewhat 

lower saturation pressure {about 350 kg/cm2 ). 

Boyd (1957 and 1961) has demonstrated that it is 

thermodynamically reasonable in a sub aerial eruption to 

produce a welded tuff in a rhyolitic lava by the ash flow 

mechanism ~s long as the lava does not contain more than 

4 weight percent H2o at the time of eruption. This 

conclusion is based upon relationships between maximum total 

cooling of the ash flow during emplacement as a function 

Qf initial H2o content of the magma and the difference 

between the liquidus temperature (minimum melting mixture 

in the system s102-or-Ab-H2o) and the welding temperature 

also as a function of the initial H2o content of the magma. 

The minimum rrelting mix~1re in the system Sio2-or-Ab 

-H2o containing 4 weight percent water would have a melting 

temperature of 750°0 and a saturation pressure of about 
2 700 kg/cm • Boyd's deduction of the maximum water content 
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of a weld tuff at the time of eruption is based upon a 
0 minimum welding temperature of 600 C which he determined 

experimentally. Subsequently Smith, Friedman and Long 

(1958 and Smith, 1960, p. B2Ld found the minimum temperature 

for incipient welding to be at least as low as 535°c. The 

major effect of a lower welding temperature upon Boyd's 

calculations would be to inarease the di ff ere nee between 

the.liquidus temperature and the weldinB temperature. This 

should, in turn, increase the perm is sib le initial water 

content of a magma which could form a welded tuff. Using 

Boyd's data for the maxim~~ cooline of an ash flow during 

emplacement as a function of water content and a welding 
. 0 

temperature of 535 C, the allowable water content of an 

ash flow which could weld is increased to about 5 percent. 

Point A in figure 90 represents the "ternary 

minimu..-n" for a liquid containing 5 weight percent H2o, 

saturation pressure of about 1000 kg/cm2 (Tuttle and Bowen, 

1958). Supr.:ose that there existed a large magma chamber 

containing a liquid close to this composition. Further 

suppose that the upper portion of this magma chamber were 

saturated with 5 percent water and that the magma were at 

the liquidus. The saturation pressure of 1000 kg/cm2 would 

correspond to the llthostatic pressure at a depth of about 

2 miles. (See Kennedy, 1955, fig. 1) Crystals of quartz 

and feldspar wruld 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 might be an air-fall ash, 

or if conditions were right, a welded ash flow. As the 

eruption proceeded, drier and drier magmas would come to 

the surface (Kennedy, 1955). As the H20 content fell, the 

position of the field boundary in figure 90 would shift 

toward the Si02 corner and the liquid would be in equilibrium 

with only feldspar phenocrysts. Also the temperature of 

the drier maGma would be higher. This higher temperature 

should be reflected by "the structural characteristics of 

the plagi oc lase. A further consequence of the decrease in 

the volatile content of the magma would be a change from 

the ~elatively violent nuee ardente type of eruption to 

relatively quiet _lava flow eruptions. Finally, the eruption 

would cease when tr~ volatile content had fallen to a 

sufficiently low level. Of course, the eruptive eye le 

could be interrupted at any point allowing 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 phenocrys ts. 

The volcanic h~story of the Traveler felsite is believed 

to have followed approximately this course. It will be 

noted that no change in bulk composition of the magma, 

exclusive of volatile components, is required. 
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SUMV.ARY 

Optical determinations were ma.de of the sanidine, 

plagioclase, clinopyroxene, and biotite phenocrysts from 

th& Traveler felsite. Sanidine phenocrysts in the Pogy 
0 member have a 2V of about 30 and composition~ of about 

Or6?• 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 

av<? rage composition is An48• The cllnopyroxenes from both 

members are ferroaugites with an average composition of 

',r/o30En28Fs43 ._.Biotite has a Fe:Mg ratio( FeO ) of 67 
. .... (Feo +Meo) 

percent which is somewhat higher tha.n the Fe:Mg ratio in 

coexisting pyroxenes (62 percent). 

Two chemical analyses of the Traveler felsite were 

published by E. S. c. Smith in 1930. Two new analyses 

were made by Dr. Jun Ito for the present study. One was 

of a welded tuff of the Pogy member and the other of the 

groundmass of a lava from the Black Cat member. t\. new 

analysis of the granophyre near Norway Dam was also made 

by Dr. Ito. These analyses plus a weight percent no:rm and 

an "oxygen percent" norm (roughly comparable to a volume 

percent norm) for each analysis a_re presented in table 11. 

Published analyses of four other Early Devonian felsites 

from northern Maine are included in table 11 for comparison. 
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All of the felsites in table 11 are rhyodacites (normative 

plagioclase exceeds nonnative orthoclase), although some 

of the felsites contain nearly equal amounts of normative 

plagioclase and orthoclase, and might be called quartz 

latites. The analyzed groundmass of the lava contains 

normative orthoclase in sli~ht excess of normative plagio­

clase and is hence a rhyolite or, if one prefers, a quartz 

latite~ Several of the felsites are peralu.~inous, which 

-is consistent with the occur:oence of garnet phenocrysts in 

a number ·or the northern Maine f'elsites. None of them are 

peralkaline. 

Structural states of plagioclase phenocrysts from 

17 samples ( 13 samples from the Black Cat member and 4 

from the Pogy member) were determined by X-ray diffraction. 

Three sets of angular s~parations of peaks give consistent 

results (figs. 91, 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. Plagioclases from the Fogy member have 

structural characteristics of the low thermal modifications. 

Thus "lown plagioclase and quartz phenocrys ts 
. 

characterize the Pogy member, which consists predominantely 

of welded tuff and occurs at the bottom of the Traveler 

felsite. "Intermediate" plagioclase phenocrysts, typically 

without coexisting quartz phenocrysts, characterize the 
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Black Cat member, which consists predominantly of lava 

and overlies the Pogy member. It is suggested that these 

relationships may be ex.plained by a decrease in volatile 

content of the magma in successive eruptions over a short 

interval of time. 
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STRUCTURAL GEOLOGY 

GENER\ L S TATEHENT 

The Katahdin-Traveler area is within the folded 

Northern Appalachians. In contrast to northwestern Maine 

and much of New England, the grade of metamorphism is 

low. All of the sedimentary rocks are within the chlorite 

zone of regional metamorphism. Except for the structures 

in the pre-Silurian rocks, the folds are open and the 

major str.1ctures may be determined by a con:b ination of 

outcrop pattern on the geologic map and observed attitudes 

of bedding. In the following discussion, therefore, major 

structures are analyzed with little 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 Kata~din 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. Faulting, most of which is 

288 
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believed to be high angle with normal or strike slip 

movement, is associated with the collapse structure and 

the synclinorium. 

The structures in tbe "Grand Falls" .f'ormati on will 

not be discussed in this report. 

MATAGAT1ION SYN"CLINORIUM 

All the stratified rocks in the Traveler Mountain 

quadrangle are involved in the Matagamon synclinorium, 

which is the structural element of greatest regional 

importance. It is named for Matagamon Lake which lies 

athwart its axis. The axis trends east-northeast, approx­

imately along Trout Brook, and plunges slightly to the 

southwest (plate 4>. Lower Devonia.."l rocks occupy the 

center of the synclinorium and the two limbs are best 

defined by rocks of Silurian age •. On the north limb these 

rocks constitute a belt trending east-west, and on the 

southeast limb they trend N.4o°E. Thus the synclinorlum 

opens to the southwest. 

There is a distinct difference in the structural 

behavior of the Seboomook farma tion on the two limbs of 

this major fold. On the southeast limb the Seboomook 

formation forms an es~entially homoclinal sequence. Dips 

average about 50 degrees to the northwest. On the north 

limb of the Matagamon sync linorium, the Seboomook formation 

is highly folded. These lesser folds have axial traces 



290 

roughly parallel to the axial trace of the Matagamon 

synclinorium and their axes plunge southwest 15 to 25 

degrees. The folds typically have wave lengths of 1000 

feet and appear to be symmetrical. 

The bulk of the Traveler felsite is on the south­

east limb of the synclinorium. The small outcrop area of 

the felsite on the north limb (essentially limited to 

Wadleigh Mountain) is believed to be partly the result of 

faulting and partly due to the original rapid thinnin~ of 

the felsite to the north. Perhaps the position of the 

axis of the s y:nclinorium was determined to some extent by 

the locus of the thinning of this massive unit. 

HAY MOUNT.ti H BASIN 

Southeast of the northeast projection of the 

synclinorial axis in the Trout Valley formation is a 

structural basin. The Matagamon formation is found in 

its center and it is partly enclosed by the Seboomook 

formation. It is called Hay Mountain basin, after the 

most prominent topographic feature located within it, and 

is so labeled on the tectonic map (plate 4). The axis of 

the basin trends about N.l+0°E. Dips on the sides are 

moderate and the plunge of the axis from each end toward 

the center is gentle (10° to 15°). Strike ridges closing 

the northeast end of' the Hay Mountain basin a.re well shown 

in figure 5, an aerial photograph of the region. As 



291 

Professor M. P. Billings (oral communication) has pointed 

out, major fold axes are commonly offset in an!!,! echelon 

manner. Hence, the axis of the basin may be essentially 

the axis of the Matagamon synclinorium. The northeast 

plunge of the axis at its southwest end may be related in 

some way tQ the formation of the collapse structure 

associated with the Traveler fels1te. 

TBE 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) has suggested that whe.I'e deposits from ash flows 

have volumes of more than a few cubic miles, subsidence 

structures in the source area are to be expected. The 

condition that favors the formation of a collapse structure 

is the rapidity with which a large volume of material is 

extruded. It has been suggested that the Traveler telsite, 

including both the Fogy ani Black Cat members, was extruded 

rapidly. A conservative estimate of the volume of material 

erupted is 70 cubic miles or about 290 cubic kilometers. 

A comparison of this volume with that of other pyroolastic­

flow fields (Smith, 1960, fig. 3) shows that, in terms of 

material erupted, the Traveler fels1te 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. 

One would thus expect to find a collapse structure involving 

the Traveler felsite. 

There is considerable structural evidence for the 

Traveler caldera. The felsite is on the down.throw side of 

high angle faults that bound it on the north and west. 

Some of these faults also involve younger rocks, but it is 

suggested that movement along them, or along similar faults, 

began at the tir.ie of subsidence. These faults will be 

discussed in a later sec ti on. 

There is also some evidence of an unconformity 

between the Pogy member and the Black Cat member. {See 
. 1 

structure cross-section BB ). This may signify that there 

were at least two stages of subsidence and that one of them 

took place after the eruption of the welded tuff of the 

Pogy member. 

Further evidence of a caldera is suggested by the 

thickness of the felsite (in soml? places at least 9000 

feet), the discordance of the major structural features in 

the felsite with those of synclinorium, and the presence 

or nearly contemporary subaqueous sediments of the Trout 

Valley forrr..a.tion immediately overlying the felsite. 

Large folds and faults within the felsite are 

difficult to determine because of the lack of marker units. 

Observed attitudes of primary planar features in the 
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felsite are presented on the tectonic map (plate 4). Only 

those attitudes that were consistent over large outcrops 

or several sma.11 outcrops were l"eoorded. There is a 

suggestion, particularly in the Black Cat member and in the 

felsite in the Tslos take quadrangla,of a few major fold 

a.xes t~endin~ slightly west ot north. The major ant1olinal 

axis passes th.rough South Braneh Ponds and plunges about 

25° north. Smith, Bailey, and Ross (1960) state that the 

presence of a central post-subsidence dome 1 s a feature of 

some oladeras. They attribute this dome to the intrusion 

of a central stock of laccolitb. Such a phenomenon may 

have occurred in the Traveler caldera. It seems unlikely 

that this doming could have been caused by the Katahdin 

granl ta because the Trout Val lay formation is not affected. 

FAtJLTDJG 

WADLEIGH MOUNTAIN FAULT: High angle normal fault­

ing with some strike-slip movement is believed to have 

taken place along the southern margin of Wadleigh Mountain. 

This fault ts believed to extend froM the vicinity or Birch 

Point on Matagaroon Lake westward to the north end of Morse 

Mountain, -Telos Lake quadrangle, where it may be out oft. 

by another fault. Evidence for faulting along this line 

is found at a number of localities. At BM 1071 feet on 

the North Branch of Trout Brook (north ot Burnt Mountain, 
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Teles Lake quadrangle) rocks of the Seboomook formation 

are highly def orrued and s lickensided. 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 in the Telos Lake quadrangle, roe ks of the 

Trout Valley formation have northerly strikes, steep 

easterly dips, an::l are slickenslded. At the point wmre 

Trout Brook bends about 90° to the east of tbe foot of 

Wadleigh Mountain, rocks of the Trout Valley form.ation have 

nearly vertical dips and top to the south. At K.P. Dam on 

Trout Brook (east of Wadleigh Mountain) the Traveler felsite 

is highly brecciated and contains much chalcedonic silica 

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 felsi te. 

In a similar fas11.1on, tbe contact between the Seboomook 

formation and the felsite north of Trout Brook Mountain 

appears to truncate structures within the felsite. Finally, 

shear zones and accompanying drag folds occur in the 

Sebo.omook formation on Birch Point and adjacent to the 

felslte near the Grand Lake Road at tb£ shore of Matagamon 

Lake. 

Along the entire length of this fault, younger 

rocks occur to the south and older roe ks 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 tbe base of Wadleigh 

Mountain suggests that the fault plane also dips steeply 

south. Thus movement along the fault was normal. Evidence 

for some strike-slip movement cornea from drag folds with 

steep:J.y plunging axes near Burnt Mountain and mar Matagamon 

Lake. The sense of movement is dextral. 

It is th is writer's interpretation that the felsi te 

of Wadleigh Mountain is bounded on the north by a fault 

similar in nature to the one on the south side of the 

Mountain and that there is a third fault between these two, 

the trace of which is the valley batween the series of 

summits of 1·ladle1.gh Mountain. Evidence for these two faults 

comes l~rgely from strong lineaments on aerial photographs 

which are discordant with at.titudes of planar features in 

the fe ls i te cb served in outcrop. The felsite is also 

brecciated 1n thin sections of the few samples available 

from 1..Vadleigh Mountain. 

These faults may have originated during the 

collapse of the Traveler caldera. Subsequent movement 

along them may have taken place durins the formation of 

the Matagamon synclinorium. The eastward extension of the 

major fa ult is unlmown. 

The ',{adleigh Mountain fault and tl1e southern 

contact between the Trout Valley formation and the Traveler 
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felstte ar•3' believed to be offset by two sinistral strH:e-

slip faults. The northeastern-most or these two faults 

probably pas sos thr oue;h n sh.ear zone 1n the Trout Valley 

formation just sru th of The Crossing on 'ltrout Brook. The 

shear zone strikes N. 70°d. and dips l+o 0 
to the north • 

.MO:tSE r.:oUN'rAIN FAULT: In the Teles Lake quadrangle, 

there is a strong north-sou th lineament, apparent on aerial 

t>hotographs and on tbo topographic map, to the west of 

Morse and Strickland Mountains. Both of these mountains 

are held up by the Traveler felsite, and there ls an out-

crop of felsi te north of Morse Mountain beside the Nol"th 

Branch of Trout Brook. On strike with the lineament in a 

sf:1all ,sorge on tho North Branch of T1""0ut Brook are outcrops 

of th'~ Seboomook fow.at:ton. It is believed tr.at this 

lineament is the trace of a h16h ar:ghi normal fault with 

the younger Traveler felsita on the eastern, dovJnthrown side 

and the oldor 3eboomook formation on the western, upthrown 

side. The lineament is also visio le on the west side of 

Cent •"!r Mountain. Grise om (oral c oromunica ti on} reports 

that the Morse Hounta in fault may c ontin~e into the 

Harrington Lake quadrangle and cause an apparent dextral . 

offset to the contact of the Katahdin granite with the 

Seboomook forrnatlon. If the granite contact slopes out­

ward (to the nor•th), this offset wonld oe c~nsistent with 

the propos ad normal dip-slip movement on the Morsn Mountain 

------------------------------



fault. Because the Morse Mountain .fault may cut the 

Katahdin granite it may be younger than the Wadleigh 
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Mountain fault. This interpretation ia shown on the tectonic 

map. The alternate interpretation, that the Wadleigh 

Mountain fault is the younger, cannot, however, be ruled 

out. 

A cross fault passes through the sharp notch 

separating 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 POUD PITCH: Faulting at Pond Pl tch on 

the :sast Branch of the Penobscot River has caused a dexteral 

off set of the Pond Pitch basalt. It is not within the scope 

of this study to discuss further the s true ture of this 

region along the East Branch. 

MODE OF EMPLACEMENT OF TBS KATAHDIN BATHOLITH 

A comprehensive discussion of the mode of emplace­

ment of the Katahdin batholith is not appropriate at this 

time. However, a few observations may be made. The zone 

of xenoliths on the wall of South Basin suggests that 

piecemeal stoping may have been an important, if not the 

most important, process. Further evidence for piecemeal 



298 

stoping is found outside the area of investigation at the 

contact of the granite on Black Cat Mountain, Norcross 

quadrangle. Granite at this locality contains many 

partially assimilated xenoliths of schists and gneisses. 

Forceful injection may also have been involved in 

the emplacement of the batholith, although no foliation 

has been observed in the granite. Perhaps the incongruous 

dextral folds on the sou the as t limb of the Matagamon 

synclinorium and the fault with dextral offset at Pond 

Pitch are related to forceful injection of the Katahdin 

batholith. 

No study of joint 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, 

medium-grained granite of the Wassa taquoik fa cie s at low 

elevati::ms to the pink, vuggy, granophyric granite of the 

Pamola facies at high elevations. 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 oxysen. The large area of granodiorite on tbe Cathedral 

Trail may actually be a roof pendant. The available 

information suggests that the gradational contact between 

the .'fassataquoik 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 4 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 Katahdin massif dipped very 

gently to the north (about 5°). The contact between the 

granite and the Traveler felsite appears to be somewhat 

steeper than this, and probably demarcates the beginning 

of the side of the magma chamber. The textural and 

structural relationships of the Katahdin granite are 

simil3r to those of the Mourne granites of Northern Ireland 

described by Richey { 1927). In the Mourne Moun ta ins the 

roof of the magma chamber is preserved and is almost flat. 

The Mourne granite, also, is pink and vuggy in its upper 

part. 

CLEAVAGE 

A detailed study or cleavage has not been made. 

However, cleavage is moderately well developed in fine 

grained rocks older than the Traveler felsite, and some 

of the felsi te possesses a cleavage. Representative 
\ 

attitudes or cleavage are plotted on the tectonic map. It 

will be noted that cleavage in the Seboomook formation on 

the north limb of tP~ Matagamon synclinorium is essentially 

vertical and parallel to the major axis of the synclinoriun1 

as we 11 as to the smaller folds in the formation. Cleavage 
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on the southeast axis of the synclinorium for the most 

part is vertical or dips steeply east and strikes north or 

a few degrees east of north (average about w.15°E). 
Cleavage in the more tightly folded "Grand Falls" formation 

is roughly parallel to the cleavage in the younger rocks. 

AGE OF THS ACADLUI OROGENY 

The major foldin; and at least some of the faulting 

in the Katahdin-Traveler area is thought to be related to 

the Acadian orogeny. This deformation is interpreted as 

\ having taken place between the deposition of Trout Valley 

formation and tte intrusion of the Katahdin granite. Else­

where in Naine, the youngest rocks which are inv::>lved in 

the orogeny are of Schoharie age {the Tornhegan formation 

in the Moose River synclinorium}. 

Boucot {oral communication) has suggested that the 

Mapleton sandstone near Presque Isle, because it is only 

slightly deformed, may be post-Acadian. The age of the 

Mapleton sandstone is uncertain. 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 (dated by plant fossils only) rest 

unconformably upon Silurian sediments (Smith and White, 

1905; Bastin and Williams, 1914). Further, granites near 

Calais, Maine (a town about 20 miles northwest of Eastport) 
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have intruded and metamorphosed Late Silurian slates. One 

of these granites is overlain by sandstone of Late Devonian 

age. Faul (1960) has determined the age of these granites, 

by the K/Ar method, to be 404 !8 million years. The age 

of the regional metamorphism affecting the Seboomook 

fornmtion and the pre-Upper Silurian quartz roonzonite near 

Jackman is about 360 million years (Hurley, ~ !.1,1 1959). 

Thus the Acadian orogeny in Haine is bracketed between 

Onondaga and Late Devonian times by stratigraphic and 

structural evidence. K/Ar dating methods suggest that the 

orogeny took place in the early part of the Late Devonian. 

(See geologic time scale by K>1lp, 1961). Prior to the 

publication of these age determinations, Boucot (1954) had 

su€gested that the Acadian orogeny in Maine took place in 

Middle Devonian times. 

Using evidence found only in the Katahdin-Traveler 

area, it is possible to argue that the major deformation 

tooti: place about the· time of the eruption of the Traveler 

felsi~e, but prior to the deposition of the Trout Valley 

formation, The major pulse of the Acadian orogeny in this 

area would thus.be placed in the Early Devonian (poat­

Oriakany), but this interpretation is not favored. The 

Trout Valley formation is, except for faulting, rather 

strikinzly undeformed. The fine grained sediments lack 

cleavage and the average dips are 10 to 15 degrees. These 

gentle dips and the abs~nce of cleavage could be explained 
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by the forms. ti on being post-Acadian. They could also 

result from the formation 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

Acadi an• 



CHAPTER VI 

GEOLOGIC HISTORY 

The earliest geologic event preserved by the rocks 

in the Katahdin-Traveler area is the deposition of the 

shales and sandstones of the "Grand Falls" formation. This 

probably took place during Cambrian and/or Early Ordovician 

times. An interval of folding, uplift a...~d erosion appears 

to have followed. The best evidence for this comes from 

the immediately adjoining area to the east where Neuman 

( 1960} has found a Middle Ordovician volcanic conglomerate 

tha. t overlies the "Grand Falls" format ion and con ta ins 

pebbles or quartzite similar ta quartzites found in ·the 

uGrand Falls" formation. Not enough is known about Lower 

Paleozoic 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. Traces of pillow structures 

in the Pond Fitct basalts suggest that they were erupted 

in 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 arogeny 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 roe ks are upperrnos t Upper Ordovician 

age. Coarse conzlomerate of the Haskell Roe k conglomerate 

indicates continued crustal movements. The deposition of 

calcareous siltstones and perhaps limestone of the 

':lenlockian series initiates, over much of the area, a. 

time of greater crustal stability which extended into th3 

Early Devonian. Volcanism occurred in the northern part 

· of the area during the Upper Silurian. 

The deposition of thin graded sets of shale, silt­

stone and very fine sandstone of the Seboomook formation 

characterizes Early Devonian times. These graded sets may 

indicate relatively rapid deposition in a large basin of 

moderately deep water by turbidity currents movinz along 

bottom slopes into the basin. The recent study by Ericson 

21 !.! (1961) of .\tlantic deep-sea cores indicates that 

similar sediments are accumulating today in the Atlantic 

near the mouths of submarine canyons and on submarine 

plains. 

About the time the Oriskany sandstone was being 

deposited in New York state, it is believed that there 

were mild crustal movements, probably accompanied by 
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volcanism, in north-central Maine. These created a source 

area for the cross-bedded shallow water sandstone of the 

Matagamon formation. This 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 ani sandstone continued in 

deeper seas to the west. 

Toward the end of the time during which sandstones 

of the Matagsmon formaticn were deposited, volcanism 

abruptly increased and tuftaceous sediments were deposited. 

Violent volcanic eruptions of felsite ensued as bedded ash 

·and then the welded ash flows of the Po::r,y member of the 

Traveler felsite accumulated. 

The water must have been shallow during the final 

stages of accumulation of the sandstone of the Matagamon 

formation because ash flows, which are believed to require 

a subaerial environment of deposition, occur a few feet 

above ·the base of tm Traveler telsite. A.s the relatively 

violent eruption of ash flows continued, a volcanic island 

of considerable size may have been built. Partial collapse 

of the roof of the magma. chamber, causing the formation of 

a caldera, may have taken place at this time. The volatile 

content of tr~ magma appears to have decreased with time, 

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 volcanic activity ceased. 

The intrusion of the granophyres on ~v"assataquoik Mountain 

and near Norway Dam probably occurred some time during the 

eruption of the Traveler felsite. 

After the f:t m 1 collapse within the caldera, there 

appears to have been a doming of its central portion. The 

cause nmy have been the rise of a central stock or laccoli th 

similar to those reported in other volcanic areas. No 

central intrusive body is exposed in the Traveler caldera, 

however. 

Sufficient time elapsed after the cessation of 

volcanism to permit the doming? some erosion,and the 

development, on that pa!'t of 'trn volcanic land which 

renained above water, of terrestrial flora as old as any 

known in eastern North America. Then the coarse felsite 

detritus, black shales and siderite ironstones of the 

Trout Valley formation accumulated in the shallow brackish 

/ water of the submarine slope of the land or in a basin 

within the caldera. This deposition probably occurred 

during Schoharie times. _Presumed contemporary sediments 

to the southwest near Moosehead Lake and to the northeast 

in the Matapedia Valley, Quebec were deposited in a normal 

marine environment. Contemporary sediments have never 
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been reported to the northwest or southeast. Dikes and 

sills of quartz andesite in the Trout Valley formation 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 I1iddle or early Late Devonian. At or after the 

close of the Acadian orogeny, the Katahdin granite was 

intruded. Radioactive age determinations suggest that the 

granite is of Late Devonian age. Maf'ic dikes of unknown 

age cut the granite, and some faulting may have affected 

the granite. However, the re is 11 t tle trace of the 

geologic history of the Katahdin-Traveler area between the 

intrusion of the Katahdin granite in the Devonian period 

and the glaciation which oc~~rred during the Pleistocene 

epoch. 
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