
FILE „TICLES, no. ; 96 7 

(200) 
R290 





3 1818 00082730 1 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

GEOLOGY OF THE ARNOLD AUNT} 2UADRANCLE 

OXFORD AND FRANKLIN 00UNTIES, MAINE 

Sy 

aavid S. Harwood 

227357 

This report is preliminary and 
bas not been edited or reviewed 
for conformity with Geological 
Survey standards or nomenclature 

1967 



 ar,c.0-7)6,0 
(:;Zo 

eld - Int. 2905 

U. S. GEOLOGICAL SURVEY 
Washington, D. C. 

20242 

For release JANUARY 12, 1968 

The U. S. Geological Survey is releasing in open files the following 
reports. Copies are available in the Geological Survey Libraries, 1032. 
GSA Bldp., Washinpton D. C. 20242; Bldg. 25, Federal Center, Denver, Colo. 
I0225; 345 Middlefield Rd., Menlo Park, Calif. 94025; and in other offices 
as listed: 

1. Ektachrome and ektachrome infrared photography of the Twin 
buttes area, Arizona, by John R. Cooper. 7 p., 2 figs. 601 E. Cedar 
Ave., Flagstaff, Ariz. 86001. 

2. Vacuum ultraviolet measurements of reflectance and luminescence 
from various rock samples, by H. V. Watts and H. J. Goldman. 24 p., 
3 figs., 1 table, plus appendix of 20 data curves. 601 E. Cedar Ave., 
Flagstaff, Ariz. 86001. 

3. Petrography of the Athol quadrangle, Massachusetts, by Anita 
Louise Mook. 81 p., 1 pl. Lmap, scale 1:24,0027, 8 tables. 80 Broad St., 
-boston, Mass. 02110. 

Geology of the Arnold Pond quadrangle, Oxford and Franklin 
Conn los, Maine, by David S. Harwood. 14 p., 1 pl. 51 3 piece27, scale 
1:48,C00. 80 Broad St., Boston, Mass. 02110. 

5. Availability of palynologioal material from Naval Petroleum 
Reserve No. 4, III: East Oumalik Test Well No. 1, by Richard A. Scott. 
2 p. 

* * * * * 



Geology of the Arnold kond quadrangle 

Oxford and Franklin Counties, Maine 

by David S. Harwood 

INTAODUCTIN 

The Arnold Pond quadrangle lies on the northwest limb of the 

boundary Mountain anticlinorium (Albee, 1961), a major northeast-

trending fold that extends across northern New Hampshire, west-central 

Maine and adjacent uebec. The anticlinorium is defined in a regional 

sense by the Taconic unconformity separating pre-Silurian rocks from 

the rocks of Silurian and Devonian age. In the western part of the 

Arnold Pond quadrangle this unconformity is folded and locally faulted. 

Within the anticlinorium is a thick and highly folded eeluence of green 

satte and , uArtzite, black slate, mafic and felsio volcanic rocks, and 

graywacke dated in part as late Middle Ordovician (Harwood and berry, 1967). 

These pre-Silurian rocks are flanked to the northwest by calcareous slate 

and Iii :atone, thin lenses of conglomerate, and well-bedded state and 

')u-rtzite of ',ate Silurian to Early ,Asvonian Age. Because the complete 

section of rocks in the anticlinoriuw is not exposed in the Arnold Pond 

-uadrangle, the interested reader is referred to the work of Hatch (1963) 

and Green (1964; in press) in northern New Hampshire; Albee and Boudette 

(in plaposa44m), &ucot and others, (1964), Harwood (1966), and Harwood 

aad Sealy, (1967) in west-central Maine; and liarleau (1957; 1959) in 

adjassat losbac. 



STRATIGRAPHY 

Dixville Formation 

South of the Arnold Pond quadrangle the Dixville Formation (Green, 

1964) has been divided into a 'ewer part consisting primarily of black 

slate with patches of greenstone, and an upper part that is predominantly 

feldspathic graywacke with lenses of green, purple and black slate, felsite, 

and patches of greenstone. The upper part of the Dixville, named the 

Magalloway Lietaber by Green (in press), h.ts been m,ipped continuously fret, 

the type area to the Arnold tond qu,a.drimegle (Harwood, 1966). 

In addition to the baseilitsif amisr, the greenstonc, laainated 

felsite and slate, and graywacke in the northwest part of the quadrangle 

are also included in the Dixville Formation and considered to be pre-

Silurian in age. This interpretation is made because: 1) they underlie 
0 

green and red slate near Abbie Fond here considered to be Silurian or 

Devonian in age, 2) they are lithologically similar to the greenstone, 

black slate, and graywacke of the Dixville Formation in the Cupsuptic 

Iron (Harwood, 1966), and 3) they tare intruded by serpentinite bodies 

that are characteristically found in pre-Silurian rocks in the Northern 

Appalachians but, as yet, have not been found intruding rocks of known 

Alurian or Devonian age. This interpretation is contrary to that made 

by rarleau (1959) and Green (in press) who consider this belt of green-

stone and related rocks to be 0,1.sivalent to greenstones in the Frontenac 

Fcrultion Clarleau, 1957) and thus of Silurian or Devonian age. 



The age of the Dixville Formation must be pre-Late Silurian 

because fossiliferous limestone of .udlow age rests unconformably 

on the Dixville east of Lower Black pond and in the west-central 

part of the Cupsuptic ,liadrAngle (Harwood and Berry, 1967). Through 

correlations across the strike and along the strike of the anticlinorium, 

Harwood and Merry (1967) tentatively dated the Dixville as Middle 

raovician; an age consistent with the data in the Arnold Pond quadrangle. 

Black slate, amphibolite, and orthoquartzite 

Black sulfidic slate and interbedded feldspathic and sulfidic 

quartzite, amphibolite, quarts granule conglomerate, orthoquArtzite 

and gray slate occur in thin septa in the quartz monzonite north and 

south of Arnold Pond. The sequence of units, pieced together from 

scattered septa, appears to be interbedded black sate and amphibolite 

grading upward into quartz granule conglomerate and locally massive 

ortholuartzite or gray slate. The conglomerate and orthoquartzite 

grade upward into well-bedded orthosuartzite and gray slate that in 

turn is overlain, along a sharp but intensely folded contact, by rusty 

black slate, feldspathic quartzite and minor amphibolite. The ruck 

units appear to be conformable and, with the exception noted above, 

their contacts are gradational. The black slate and feldspathic 

luartzite is about 230 feet thick and contain' amphibolite layers 

about 50 feet thick. The conglomerate and ortbc,,u4rtzite lenses are 

at most 50 feet thick and the vell-bedaed orthoquartzite and slate 

unit is about 150 feet thick. 



The age of this sequence of rocks is not known. Because it appears 

to overlie and possibly interfinger with the biotite gneiss of the Magal-

loway member it is probably Middle Ordovician or younger. In this part 

of the northern Appalachians most of the fossils that have been found in 

'al ,_k slate and volcanic rocks associated with serpentinites are pre-

Silurian, and rm,st co only :fiddle txdovician, in age. uartz-pebble 

conglomerate. ortho,luartzite kaid well-bedded quartzite Ind gray petite, 

however, characteristically carry Silurian or Devonian fossilso lf any. 

Because the :.;uartz conglomerate and well-bedded rocks are conformably 

interlayered with rocks most reasonably considered to be (Aidovician, the 

entire se.,uence is tent,Itively considered to be '1 /4>rdovician(?). Additional 

date, either from fossils or from distinctly unconformable attitudes between 

the rusty slate and orthoquartzite, may come from the Chain Lakes naad-

rangle. Such data may indicate that these two seqtences should be con-

sidered separately; the rusty slate, amphibolite, and serpentinite being 

pre-Silurian, the orthoouartzite and gray petite being Silurian or Devonian. 

Calcareous slate and limestone 

Cray calcareous slate containing discontinuous patches of dark gray, 

coarsely crystalline limestone and limestone "edgewise' conglomerate rests 

unconformably above the 1,1agalloway member of the Dixville Foraltion iu the 

western part of the quadrangle. Uthough the actual unconfomity was not 

observed due to glacial cover the trend of the calcareous slate truncates 

the trend of a thin greenstone Teens in the Magalloway member about mile 

south of the q ciadrangle. The calcareous slate is about 5)0 feet thick; 

the limestone lenses range from 10 to 50 feet thick. 

Naylor and Boucot (1965, p. 161, locality 19) tentatively dated the 

limestone in this unit as Ludlow(?) (Late Silurian). 



Green slate and siltstone, red slate, and felsic tuff 

A thin, resistant layer of white to gray-green felsic tuff conformably 

overlies the calcareous slate and limestone unit on the of a small 

syncline southeast of Lower Black Pond. Locally on the east liib of the 

syncline the felsic tuff is overlain by maroon to brick-red slate that 

grades laterally into green slate and calcareous siltstone. To the west, 

near Upper Black ond, red slate with thin siltstone beds and layers I to 

6 inches thick of white felsic tuff locally separates green slate and silt-

stone fro oafic volcanic rocks assigned to the Dixville Formation. The 

contact between the red and green slate is conformable and gradational. 

The contact between the red slate and croenstone and the green slats and 

greonstone is interpreted to be an =conformity but because bedding was 

not seen in the greenstonc at the contact, the unconformable relationships 

to 
cannot be uneluivocally established. 

The felsic tuff east of .over slack iond is about 100 feet thick and 

the red slate found locally above the tuff ranges in thickness from 0 to 

200 feet. The green slate and siltstone unit that is about 3000 feet thick 

west of Deer Brook consists of about 150 feet of green slate, tuff and 

calcareous siltstone iuciediately east of :,over Black fond. 

No fossils have yet been found in the green slate and siltstone, red 

slate, and felsic tuff unit, but because it overlies the calcareous slate 

and liestone unit of midlow(?) age it can be no older than Late Silurian. 

-2:41t of 'ower Mack Land this unit confomibly underlies the Sebooirlook 

eor.,,tion taut:cot, 1961) of Early 1)evonian age. Thus the green slate and 

siltstone, red slate. and felsic tuff unit is considered to be ate Sil-

urian to Early Devonian in age and way be correlative with the ,obster !Ake 

Formation and possible the Capons Formatik,n in the Moose giver Synclinorium 

(Boucot, 1961). 



Seboomook Formation 

Well-bedded, dark-gray slate and feldspathic quartzite that over-

lie the green slate and siltstone, red slate and felsic tuff unit east 

of Deer Brook is assigned to the Seboomook Formation (Boucot, 1961) of 

Early Devonian age. This correlation, made on lithologic similarity, 

agrees with the general distribution of the Seboomook Formation shown 

by Boucot and others (1964) and is compatible with the Late Silurian 

age tentatively established for the underlying calcareous slate and 

The stratigraphic relations between the Seboomoek and the green 

slate and siItstune unit are unknown because of the scarcity of out-

crop in and near 1)eer 3rook. The Seboomook confomably overlies the 

red slate unit and the felsic tuff unit east of Liapker 460 on the inter-

national boumilary, sad the green slate and siltstone unit near the out-

let to Lower Black rond. If these thin units are equivalent in part to 

the red slate and the green slate and siltstone units west of Deer Brook, 

as proposed here, then the Seb00000k Formation at least in part overlie3 

and may be in part a lithofocies of the green slate and siltstone unit. 

The Seboomook Formation is about 3000 feet thick east of Deer Brook. 

This figure is comparable to the thickness of the green slate and silt-

stone unit to the west. 

INTRUSIVE JOCKS 

rpentinite, granodiorite, and quartz montonite plutons and mafic 

dikes ranging in 4ge from ',ate urduvician(?) to Triassic(?) intrude the 

Lzet_3vdtaentary rocks in both parts of the ,tuadrangle and comprise most 

of the bedrock in the ea3tern part. 



Serpentinite 

ierpentinite Ind serpentinized periodite and pyroxenite 

intrude rocks inferred to be of riddle Ordovician age in both 

parts of the quadrangle. 3ecause these serpentinized ultra-

mafic rocks do not intrude known Silurian or Devonian strata, 

nor do any other serpentinite bodies elsewhere in the northern 

Appalachians, it is assumed they are of :.ate urdovician age. 

This age assignment assumes that the rocks at Twin Peaks are, 

in fact, part of the Dixville Formation and not the Frontenac 

Formation of Devonian age as proposed by Marleau (1959) and 

Green (in press). If narleau and Green are correct then the 

serpentinite at 11Cie Fork and the spdall bodies on strike to 

the north and south are the first known serpent/nit,* of De-

vonian or younger age in the northern Appalachians. 



Granodiorite, quartz monzonite, and intrusive felsite 

The large bodies of granodiorite and wartz monzonite in the 

eastern part of the rAladrangle are believed to represent a comagmatic 

differentiated intrusive separated by a transition zone that is grada-

tional in composition between the two rock types. Although detailed 

chemical studies that would undoubtedly support or refute this 

hypothesis have not been wade as yet, several field relationships 

suggest that the bodies are essentially contemporaneous differentiates. 

Neither the .uartz monzonite nor the granodiorite is extensively meta-

morphosed although both show local alteration on joint surfaces where 

biotite and hornblende are replaced by chlorite and the feldspars are 

sericitized. No dikes of one body cut the other even though abundant 
fi 

dikes of quartz monzonite, splite, LInd pegustite cut the country rock 

adjacent to the quartz monzonite body. In addition to these macro-

scopic relationships, the biotite-rich quartz monzonite contains 

scattered microscopic grains of hornblende and sphene which are major 

constituents of the granodiorite. 

The intrusive felaite is found only in the western part of the 

-u3drangle and has a modal composition very similar to that of the 

AlArtz monzonite (Harweod, 1966, p. 123). 

1-#afic dikes 

Dark-green to black unmetamorphosed mafic dikes as Guch as 15 feet 

thick intrude the tiegallavay somber and the biotite-wuscovite quartz 

monzonite. The dikes in Massachusetts Bog Stream and north of Arnold 

road have A narrow chilled border against the -vartz monzonite. 3ecause 

the dikes cut the quartz monzonite that is considered to be of Devonian age, 

they are clearly post-Devonian and are tentatively dated as Triassic(?). 



STRUCTUaE 

The structural interpretation of the western part of the luadrangle 

depends, in large measure, on the age of the greenstone, laminated fel-

site and slate, and graywacke exposed at Twin Peaks. If these rocks are 

Eiddle Ordovician (or older) as proposed in this report, the Seboomook 

and underlying rocks of Silurian or Devonian age form a narrow but pos-

sibly extensive syncline in west-central haine, northern New Hampshire 

and adjacent uebec. In this interpretation the serpentinite at McKie 

Fork would lie roughly on the axial trace of a narrow anticline between 

the syncline proposed above and the Frontenac synclinorium to the north-

west shorn by Marleau (1959) and Albee (1961). If the rocks at Twin 

Leaks are in an anticline the axial trace of the Frontenac synclinoriui 

would have to be shifted about a mile further northwfst than shown by 

k 
harleau and would most logically le between the thin greenstone lenses 

within the Frontenac and Gile Fountain sedimentary rocks as shown by 

Hatch (1963) to the southwest. The extent of these major folds in the 

Taconic unconformity and overlying rocks is not known, but they sty con-

tinue north to Scotch Cap Mountain in Nuebec (about 12 miles) and south 

to the Dixville Notch area (about 25 miles). 

As a cone_ ience of this interpretation the Laafic volcanic member 

of the Kiddervillo 2orwition of ;latch (1963) and Green (in press) would 

most logically be correlated with the rock at Twin teaks and thus be 

ordovician in age not Devonian as originally proposed. If this inter-

pretation is correct, the greenstone on the southeast limb of the Frontenac 

synclinorium would then be the thin lenses in the Cite 1:ountain Formation 

as mapped by Hatch (1963) and their equivalents in the Frontenac Formation 

to the north and not the Kidderville mafic volcanics as shown by Green 

(in press). 



The alternative hypothesis, proposed by Hatch (1963) and Green (in 

press) rewires that the greenstone, felsite and sLto, and graywacke 

at Twin 'reeks here included in the Dixville Formation overlie the green 

slate and siltstone and the Seboomook Foraation and thus be of Devonian 

age. The rocks in the northwest part of the map area would thus repre-

sent an essentially hotoclinal seeuence on the southeast limb of the 

Prontenac synclinorium. This interpretation is apparently inconsistent 

with the minor structures at Abbie Pond and Upper Black Pond as well as 

the regional observation that serpentinite intrudes pre-Silurian meta-

49i rsediments not Silurian or Devonian rocks. If the greenstone is Devonian 

then the peen slate and siltstone must have been thrust to the west and 

the greenstone exposed in a window at Abbie Fond. There is no evidence 

to support northwest thrusting, in fact, the orientallion of the axial 

planes of minor folds and the axial plane cleavAge suggests that the area 

wns deformed by stresses with a west over east movement sense. 

The structure in the eastern part of the - uadrangle is difficult to 

determine because the tops of beds in the Yagalloway ezelber cannot be 

determined. ".:urge recumbent minor folds are present in the biotite gneiss 

of the Magelloway ;1:ember north of Rock Pond and west of the outlet to 

-lassachusetts aog Stream but there are no marker beds by which these 

structures can be defined or traced out. This recumbent folding way be 

a local feature adjacent to the intrusive bodies ,r, when data ii avail-

able to the east, it may prove to be a widespread form of deformation. 

The black slate, amphibolite and quartzite unit appears to be conformably 

above the Magalloway member and may lie in the trough of a small northwest-

trending syncline. 



ECONOMIC RESOURCES 

The thin veinlets of slip-fiber and minor 'amounts of cross 

fiber asbestos in the McKie Fork serpentinite body constitute a 

possible future source of asbestos. The =all serpentinite bodies 

north and south of Arnold Pond contain fewer veinlets of asbestos 

than the body at McKie Fork. 

Galena has been found in the ismObibolite associated with the 

serpentinite im:ediately north of Arnold Pond and in float blocks 

beside the road to %mold Bog in -luebec about 0.6 ale northwest 

of the outlet of Arnold log (L. R. nags, personal communication, 

1967). 

Although no mineralization was found along the fault southeast 
II 

of Lower 3lack land several small chacopyrite shows have been found 

on strike along the east slope of Thrasher Peaks in the Cupsuptic 

quadrangle south cot Rump Pond in the Second Lake .ivadrangle. 

Sand sad gravel in outwash and esker deposits are abundant in 

the low areas underlain by quartz wonzonite and granodiorite in the 

eastern part of the 'uadrangle. 
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