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report is preliminary & L | |

seen edited or reviewed for ‘
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jards or nomenclature.

-been a.t‘toctad by regionnl wetamorphi sm. zxm of the Hyde Pairk quade

DECLOGY OF THE HYDE PARK WUADRAL KGLE, VIRIONT

Ardsn Leroy Albee

ABETRACT

The axis of the Green lMountain anticlinorium trends north-
northeast across the northwest commer of the Hyde Park quadrangle.
This anticlinorium, which is the principal structural festwre of

the bedrock of Vermont, extends north-northeast from the Massachu~
setts~Vermont bordsr the full length of the state and about 50 miles
into Quebec, a total distance of about 210 miles,

The bedrock in the Hyde Park quedrangle is predominantly
motamorphosed sedimentary snd voleanle rock, which has bsen intruded
by lamprophyre dikes and by uwliramafic rocks., The sequence is
divided into five formations; its estimtoci thicknass is about 19,500
fost. Ko fomsils have bean found, but the rocks are tentatively
dated as Casbro-trdovician by their pqam',éiij;baman the Precsmbrian
unconformity and rock of pmbabh )Eiddla Ordovician age.

&1}. the rocks in this area except the larmhrophyra dikes have

rangle. ia in the chlorite gzone of mtamrphim. In the higher grade
part opf the chlorite zone either chloritold or biotite nay occur,

depending primarily upon the aluminmum content of the rock. Eiotite

iz rare in the rocks of the Hyde Park quadrangle, but chloritoid is

1 U. S. Geological Survey
. OPEN FILE REPORT

i
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present in the Stowe formation. The garmet and kyanite sones are

confined to the Stowe formation in the southeastern part of the
quadrangle. The zssenblages of the garnet snd kyanite zones have
partially or wholly retrograded to nsaemblaéea of the chlorite zone.
vhase disgrams, based on the cbserved sssemblages, are used to
discuss the mineralogical transformations at successively higher
grades of matexorphism and the retrograde alteration of the higher
grade rockse.

A statisticel study of the chemical composition of arglllaceous
and Mams sedimentary rocks forms the basis for determining the
protolith (premetamorphic parent rock) of the metamorphic rocks.

The weight percent of silica, and the relative molar proportions of
Aly0g, NepO, and K»0 ere useful parameters for such comparison.

These factors were also calculated for the metamorphic rocks from

estimated modes., The comuon protoliths of the metamorphic rocks of

the Hyde Park quadrengle are quartzose sandstone, carbonaceous and

noncarbonaceous shale, and subgraywacke. ﬁsithar graywacke nor
arkouxma cOMMOn .

" “The Green Hountain snticlincrium is the major structure in the
area, and the larger folde throughout the guadrangle parallel it.
No evidence of mpjor faultes was cbserved. :%inor structures inclwie
planar features, folds, rotated porphyroblasts, snd linear features.
Planar features shown cn the map and discussed include bedding, various

types of schistosity, and slip cleavage; fracture cleavepe, slaty

- . i



cleavage, and joints, though not mapped, are present locally.

S Or U

Linesr features shown on the map include guerte rods, fold and
erinkle axes, snd the intersections of certsin planar features;
mineral lineation, streaming, and cremulation, though not shown on |
the map, sre common. Yithin the Hyde Park gquadrangle two differently 1
oriented sets of folds, each with related slip cleavege and schlstasitjx
that intersect folded follation in lines parallel to respective fold i
axes, may ve distinguished. In many places, particulsrly near the 1
axie of the Green jountasin anticlinorium, one set is superimposed E
upon the other. The sxes of the earlier set of folds are parallel to i
the bedding foliation and nsarly at right angles to the axes of the
Oreen Mountain anticlinorium. The axes of the later set of folds are
subparsllel to the axis of the Oreen Mountain anticlinorium. The
earlier folds and related schistosity are fbidad sbout the north-trend-
ing, neerly horizontsl axes of broad open folde. It is tentatively
mwaﬁd that the earlier folds sre dﬁn to shortening or extension
paralm to the major fold axes caused by the forration of plunging
folds; ‘:ealien‘ba, and recesses in the Creen Hountain anticlinorium,.

A talc mine is operated northeast of Johnson Villape, and another

tale deposit of pessible commercial value has been discovered southwest

of Lowen Hountain,

|
i
%
i
4
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IHTHODUCTION

Location and culture

Ths Hyde rark quadrangle lg in the northecsntral psrt of Verwont

(s0e index wap, Pigure 1). It is bounded by perallels LLO45' and

14°30¢ north latitude and by mersdians 72°h5Y and 72930" wost longi- "’.
tude, and covers ebout 212 square miles,

The area i# primarily an agricultural districty lumbering, the

i

nenufacture of forest products, snd mining are other majer oecnpatim.:{

Sav mills are in Nerth lyde Park, crrisviile, and Johnson, and a2
plywood m1ill1 4is in Morrisville,

4 tale mine and mlill are in Johnson, :
and en srbestos ning and mill are in Fden, just north of tho quadrangle |

boundary.

Host of the mrea 1s reasdily acceseible by good resds. Hany baske

rosds have been standened in recent years, but a revised topographiic
map (Plate 3), which has been publiszhed since the completicn of the
mapping and drafting, shows the status of the rosds 4n 1953,

Cultivated land and open pasture make up about 15 percvent of the sreay

the rest is secondwgrowth forcst and sbandened, partly overgrown form
lande,
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after cutiing through large sccumlations of glacial deposits; In-

Zopography and dreinage

The Green Homntains on the west side of the quadrangle have a

maximm elevation of 3,715 feet, whereas Dluore howntain on the esst |
side has an elevation of 2,608 feet. The Lamoille River at the went i
side of the quadrangle hes an elevaticn of avout LS5 foet snd is the ‘
lowest point in ths guadrangle. sverage local relief is about 700 |
fest, but local relief may be as much ss 1,000 feet. Systems of nartl
Mtxt&ng ridges on both the east and west sides converge in the mrm
pert of the area, closing o broad central valley. In the northwest ad.
north=central part the ususl lincar form of the Green Hountains is |
replaced by a dissected wpland with mumerous pesks and ridges ranging |
from 2,000 $0 2,700 feet in sltitude,
The Lamcille River flows northwesterly across the aves, transect-
ing both the Creen Hountains and the eaaiem ridges.
The topography, shich hae teen largely produced by preglacial
stream dissection, reflects to some extent the structural pattern,
attitude, and varisd erosionsl resistance of the underlying rocks.

Large glscisl-lscustripe deposits of sils, m;nd, and grevel have

accumulated in the valleys, kame terraces modify the slepes, and

groumnd morraine covers much of the higher slepos. locally, emall.

streans and the Lamoille River have been supsrisposed upon rock ridges

RS DURSRIEPEEES 4

gensral, the glacial deposits have smoothed the preglacial land swrface
oxcept in the Dicpings on the esct side of the arca.



Almnost all the ares dreing {o the Lemollle River and thence to §
Lake champlaln, but “terling irock in the southwest cormer Llows |
south into ihe “inceeki River, which also drains inbo Lake Chanplain.
The (dihon Rlver, the Ureen River, amd the Horth Lrench of the lLamollle
Mver gre the msjor triltutaries of the Lasollle River in the aren.
Leke Lamollle wes forwed by <amelog the losoille liver far the pro-
duction of hydroelactric powor. Lake Bden, South rond, and Elagre
Pond, which were formed by glmoial erosion and by demaing by glacisl
deposits, have been enlarged Ly the erecticn of dams to camtrol the
supply of water for power dems on the lemollle lilver. Green River
eservolr (Plate 3) is another storege ares vhich was Lormed by the
erection of a concrste dom, about 60 feet high, on the Gresn fiver.
The Hyde Fark quadrangle iz well drained, excepd far portions of the

Upper and lower Diggings, where glacisl deposiis have formed numerous }

4
i

emall lakes sad swamps. luch of thig poorly drained cres is now ine

]
}

cluded in Green River Reservelr.

Purpose of study

Alihough nwwerous sreas In southern Verwmaent east of the (mvwen
Hountainz have teen studled in detail in recemdt ysars, few dstallud
studies have beon attempted in north-centrel Vormomt. The primsry
pin‘pqao of this work is to delineste the stratigrephy and structure
of the Hyde Park quadrangle and to relate it to the gunersl geclogic
framavork of Vermout, 4 further aim ie to discusc in detail the

[N
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petrography and metemorphism of this area. §
The work vas undertaken for the United States Jeological Zwxvwey,
which has heen engaged for & nusber of years in a ganerasl study of
the belt of uliramefic rocks in Vermont. This study, which was
prompled by domeetic shortages of asiestos and certeln prudes of tale,
bas included deteiled study of imidvidual deposits aze well sz sreal ‘
geologic mapping., The relations of the ultramafic rocks to the sresl |
geology and to tho metamorphiss are velng studied by geclogle mapping |
and study of all or part of aight l5-alnute quadrangles.

Yathod of study

About ten manemonths were spent in the fleld within the arsa 15
from 1951195k, but the anthor'!s othar dutics ducing this tine mmlva&i\
£1014 mapping in sll the bordering qusdrangles as well as r&emai&mce'\
work in Canada and other porilons of Vermont. Toe study of 125 thin }
ssctione from this area was supplemented by the ztudy of thin sections !t
from the Nomtpelier and Lincoln Nountain quadranglss to tho south and 1
the Jey Pesk snd Irssbturg guadrangles to the norih, S%

The author had spent thres f10ld ssavens mapping the seme £ ~ l%
tioug in adjecent areus before he began the prasent sludy. In |
addition he had examined over 450 thin sectionz taken in that work.
Frou this experience o nusoer of characteristic reck types were notsd

and given azmhals.‘ These symbols, useful for note toking, were

particularly velusble for plobtting ldtholoric date upon mavss




The field map was the 1927 editidh of the Hyds Park eheet of
the United “tates Ceological furvey emlarged to a scale of 1:143,000,
“4ructural and lithologie data were trznsferred to 1:24,000 enlarge-

i
|

nents. Aboul a tenth of the sres, that which liec in the extreme
northeast corner of the quadrangle, wss mepped in grester detail on

|
i

maps {stale 11244,000) prepared by multiplex methods from serial photoe|

graphs taken in 1951. Aerial photographs (scale 1120,000p 1524,000) |
vers used extensively in less heavily wooded aress. Host of the |
stations were located by altimeter traverse, but pace and compses
mothods were used ccoasionally. Contacts were transferred from the
mltiplex mep and from aerial photographs to the fimal compilation by l
use of & vertiosl sketchmaster. Thus, although placed in thelr proper |
horizontal position, the locsation with respect to topographic festures |
may be alizhtly erroneons &n a few areas,

The location of specimens which arve cited in the tables is siven

by a convenient reference system. The quadrangle map ies divided into

ite nine S-minute sections, which are deusignated northesst, eastecentral]
southeast, south-central, ete., and abbreviated M, EC, &, S, etc,
within eech ninth the southwest cwwisthe origin and decimal
rectangular cocrdinates sre used to ffiﬁﬁwf‘wint; the firet figures
dosignete miles east and the last figures desiznate miles north of the
origin. Thus, HH=l.05, 2,03 indicates a point 1,05 miles enst and 2,03
niles north of the southwest corner of the northwest ninth of the
quadrangle. Unless prefixed by a quadrangle nume sll suen locstions

are in toe Hyde sary oundrangsla.



hAcknowledgmente ]
The writer is indebled to Professors J. L. Thompaon, Jr. and 1
Yo Po M1linpe of Harvard University snd e, ¥, %, Cady of the Tnited
“tates Geologlcal “urvey undaer whose direction this work was pursusd
and who gave freely of their time for instruction snd criticlsa, ir.:
Lo tie Gady has reviewed in the field some of the more complex prohle:aa%
snd in his company the suthor performed reconmnaisssnce work in sdjacen|
areas, The insight intc the regional geolegic pleturs glven the authcx;
by Dr. Cady %8 chiefly responsible for the section on regicnal ree L
latioas.

Part of the lsboratory work and of the writing was complsted
while the suthor was studying at Herverd Unlversity under a Hational

i

|
1
Seience Foundation Fellowship. To Dr. Hans Lugeter of the (eophysical |

i

1
Leboratory, Carnegls Institute of Lashington, 2. C., I am grateful for

|
the Xeray identificstion of numerous “sericite® samslan, k

The manuscript was critically reviewed in its entirety Ly |
rrofessors ¥, ¥. PBillings, J. B. Thompeon, Jr., and Dr. . H. Cady, ‘
and portions of it were revisved by 5. H. Chidester aud Loneld %"sstlock,%;
both of the United “tates Ceological Survey.

Hembers of adjecent fleld parties provided helpfal discussion
while reviewing comnen problems in the field, Among these are si. i
mlli.nga, We Fo Brsce, W. H. Cady, A. H. Chidester, H. C. Cooke,

J. %o Gilmore, ¥. H. Osberg, J. i. Rosenfeld, J. {. Thompson, and

E-a& ?@no



i
Finally, my simcere gratitude goes to my wife, tmn, for her !
|
]

asaistance during the statistical study of the analyses of sedimentary |

rocks, snd for typing numerous drafts of the manuscripl during its

compilation.

Fravious work

Sdward Hitchcook and cthers in 1861 published = comprehensive
report on the geology of Vermont, including a geclogicel map. They
recognized the anticlinal nature of the Green ¥ountains and delinested

the broader lithologic types. €. H. &iwheock (1877, 1878) produced a

geologic map of New Hampshire including sdjeining parts of Versonmt and
Hoine with sn accompanying report. This showmd rather sccurately the
distribution of the major rock types in the Hyde Perk énadrmgla.

Both of these reports form valusble sﬁ@ma of information, eepecially
for the location of small minersl pre@acis.- No other areal mapping
has been done within the quedrangle. All geologlcel meps of areas
within the state which were published prior to 1952 have veen indexed
on a msp of Vermont (Doardman, lLeona, 1962).

The interpretotion of the stratigraphic sesquence of central and
onstern Vermont evolved to nearly {te present form in 2 series of
papers by Richardson (1902 to 1927}, perry (1929), and Cwriser and
Jshns (19L1). Richardszon traced an unconformity {nmow recognized as
the taze of the thaw sountain formstion) from Caneds to :asssschusetis.

The rocks siove the unconformity werse deseribed by Currier snd Jrans

) PRGN
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(1941) and hite snd Jahns {1950). These below the wnconforzmity

USRI W

were deecribed in the Plymouth-Bridgewster area by Ferry (1929) and
by Hawkes (1940, 19L1).

minoe 1946 much of central snd eastern Vermont has been or is
being maprped, but very 1ittle of this work hez yet been published. =&
generalized map of the scuthern half of the state, including much of
this unpublished mapping, was compiled by Thompsen (BEillinge and
others, 1952). 7The rocks of Perry's section have been traced south
and correlsted with strata in Massachusette by Thompson (1950), Iﬁ:weu:«-‘j
feld (1954), Skehan (1953), and MacDenald (unpublished). They have

i

been traced north by Hewkes (1940, 19kl), Thompsoa (1950), Chang (1950]

Brece (1953), Oeverg (1952), and Jahne snd “hite (1950) to the eouther
btorders of the Lincoln Hountain and Xontpeller quedrangles. Cady,
Albee, end Furphy have partially completed the mapping of the Lircoln
Hountaln quadrangle. Cady has completed the Montpelier quadrangle
{Cady, 1956}, Albee has completed the liyde Park quadrangle, and
through incomplete and reconnaissance mapping the strstipraphic units
have been carried north to the Cenadisn border by Cady, Alboce, and

Chidester. This work, as well ac work in the southern part of the
state, 1s still in progrese.
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Begicnal geologic setting

The axis of the Oreen Bountein anticlinorfum (Plate L), trending
north=-northeast, crosses the extreme northwest corner of the hHyde ,
Fark quadrangle. This anticlinoriuwm, waich 1s the principal structurs
fanture of Vermont, extends nerth-northesst from the Hessachusetie
border the full length of the state and about 50 miles intc Quebec, a
total distance of about 210 miles. In the southern hall of Vernmont
Precambrisn rocks ars exposed in the core of the anticlineriun., West
of the Green Mountain anticlinorium slightly metemorphosed limertons,
dolomits, quartzose sandstons, and coms chale are exposed in a broad
synclinorium. These rocks rest with pronowiced angular unconfornity
upon the Precambrian of the Green ¥ountains and foesils indloats =

fairly complete mection from Lower Csmbrian to riddle Ordovician aee.
These rocks of the western syncline are folded snd cut by numerous
thrust feunlts.

On the east the Frocambrien rocks sre overlsin, again with pro-

nounced engular unconformity, by a thick series of metazedismentzry and
metavoleanic rocks.

The upper part of thls eastern ssciion is sparsely |

foseilifercus;y 1t cannot be older than iddle Lrdoviclan nor younger

thon early Devonimn, The lower part of the roriss ir nonforsitifercus,

but ie belleved to include Cambrian and early Ordovician rocks. il-

though presumably equivalsnt in age to the =14shtly metamorphoszed |
carbonate rocks and quertzose ssndebeonee to the west of the Ureen

Hountains, the secticn gast of the mowntslne cenelrbs lsvgely of cetse



morphosed argillaceous, arenasceoug, and volcanic rocks. & generslly
accepted correlation of the eastern and western secvtions iz not yet
pozsible becanse of the ea:zt-wost chapnge in zedimentsry facies
(Thompeon, pe 1k, 40 Billings and others, 1952). The Jreen nowntoin
anticlinorium plunges gently northward so that in the meorthern part
of the stnte the Paleozolc gnelsses and schists bridge the snti-
cliucrium in a series of folds., The difficulties of correlation in
this area snd the detailed regional relations will be decseribed in o
lster section,

The general features of Vermont nre markedly similar to those in
the Berkshire Hills of iimssachusetts and the Elue jldge Hounbsine and
Pledmont of the southern zppalachiznz. In each of these areas there is
& erystalline Precamirisn core and a reletively umetamorghesed czarbon-
ate and quartzite sequence to the wost, resting unconformsily upen tie
Trecanbrian end cut by nuserous thruet faults. EKast of the Frecamorian
core in esch zrea there iz a metaamcrphosed argillaceous-srenscecus

sequence of vposzible sarly Paleozoic age.
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Ceneral atsbensnt

The bedrock in the Hyde Park guadrangle is predominantly mots~-
mor;hosed sedlmentary and volcanic rocks, wostly schist, gneiss,
quartsite, phyllite, greenstone, and amphibolits, btut slso ineluding |
;lat.a, conglomerate, granulite, and impure calolte marvle. These
rocks heve been intruded by lamprophyre dikes and by ultramafic rocks;
the latter have been partly or wholly altered to serpentinite, talce |
carbonate rocks and steatite,

‘All of the rocke except the lamprophyre dikes have been affecled
by regicnal metamorphiss, C(hlorite, garmnel, sod kysnite have teen
interpreted as successive indicators of increasing mstaserphic grade
in the sicacocus schist. Similarly, chlerite, actinolite, and horn-
blende sre indicatorz in the greenstene and amphibolite. :iost of the
Hyde Park quadrangle is in the chlorite zone. In the higher grade
part of the chlorite zone either chloritoid or biotite may occur
deperding upon the aluminas content, Elotite is rare in the Hyde Fark
quadrangle, but chloriteld is locally abundant in the “towe formatica.
The gernet snd kyanite rones sre confined to the “towe formatien in
the southeastern part of the quadrangle.

The primary consideration in defining formations was to utilize
m&ppa%;le roak wnits which correspond 28 closely as poosible to unite
already defined in adjecent areas. It was necessery to be feallisr

with type sections described many miles te the soutn, especially those

ettt i
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in the “oodstock and Ludlow guadrangles (Perry, 1927, 1929). Eiowewri
certain formations, which are characteriged Ly a rather distinctive
and uniform lithology in the type section, cannot e distinguished oxx%
the same basies in the Hyde FPark quadrangle. They lisve veen traced
northverd from the type sections, attempling to toake account of grmdné
ghangee in sedimgntary and metacorphic fscies slong the way. ﬁapﬁiag
hss tean partially completed in soe of the intervening quadrangles, '
but in others the units were iraced by reconnaissance worke. Thls
correlation is sumarized in = later section end in Table 15.

‘The rock wnits summarized in Tabls 1 and shown on the geologlcal
map and crose sectlions correspond as closely as pozsible to the type
wits. Fxeept for the Umbrells Hill formstion, no formetion containg
a completely distinciive type of rociynearly the same rocks may be
found in esch of the uniis. The lack of disbinctive rocks and ‘
sequences nade correlation difficult between the rocks on the wact
glde ol the iyde Park quadrangle and recks in a syncline in the Foot
Brook srea (the Foob brock syncliine) in the noribwest part of the
guadrsngle.

The thalckneases given for the rock unils in Tavle 1 are aspproxie-

|
mations thal depend upen the interpretation of the map pattern. The

1
1

scarcity of distinctive marker beds made it lmpossible to estimate ihe
|
{

amount of repotition in most parts of the quadrangle. anll Jolde are
extrusely abundant and it is epprarent from the patiern of the

boundariss of the formations thel in mayy pariz of the vros Wsre sust



be numsrous larger folds. In mch of the ares the ocserved dip of

R

bedding snd bedding schistosity is very different from that of the ,
average dip. “ectlen i-i' (vlate 1) has been 80 located ithat reasaq
akle speroximations of the thiclkmesses of the foraations =re choun
wpen Lt.
The azrss assipned to the units sre tentstive ar no fossils haveg

- been found in sny of thec. “outhwest of the Byde rark quadrangle in,
the Lincoln sountain quedrangle the Camels Hump group rests upen knoq‘
Frecaxbrian rocks with pronounced sngulsr unconformity (zee slso &:aaui
1956; and Opberg, 1952, p. 24, 34~38). The Horetoun formation is |
probably frdovician sccording to Cwrier end Jahns (1541, p. 196,
1506-1509), uho ussed the age dezismation of ity egulvalent, the

Cram Hil1l formation, upon their correlation aleng the strike witha

graptolitic clates in kagoy, Lusbec., The fhaw Mountain forisiion,
which ovsrlies the rorstewn forastlion, containes crimoid fragments ‘
(Currier snd Jahns, 1943, p. 1500~1501) which imdicate by their size ‘
& Hlddle Ordovician or younger sie. Corals found by Cedy (1950} in 1
the walts Blver forantion, wiich overlier the "haw Nounbain, sugpest |
& ¥ilddle ~“rdoviclan o younger sge. Mo marked strotigraphic break haﬂ;
teen found from the (asels Auwmp through the Horetown formaticon, and
hence thisr part of the secticn can only ve aszsigned to the Cantro-
Ordevieton, The upper 1imil of the Cambrian is placed arbitrarily at
the boundery betwean the Cttauqueches and the overlying “towe i‘ormtiei

Lo confora vith a tentative correlation beluwsen sectiensg saet snd vent



f the dreen rountzins derived by Cady and the author from Loe resel
of reccennaissancs in wuetec. Thir correlsbicn har since veen confin
by Cziers (1956). Thompson (Lilllnce snd others, 1752, p. 14 sug.s
"an ~iternetive interpretation with such Yo commend it ic that the o
Cram #1131 {pre-moretown in bhis area) forustions sre all of niwile

COrdoviclsn s and Lre te te correlated omiy WiLh the rocks sLove Wy

%

; iddie urdevician wnconfornily west of the mountalins,” Tals prou.e.
will be dlscuszed in core detall in e later section.

The ultramsllc intrusive rocks are sssiyned an Ordovicisn uge
Inamuuck as such rocke are ot wnown to intrude strala younger Whas
Crdovicisn in western Hew Ligiasod o adjecent cuebec. (he laspropiyl
dikes can be dated only s post-setemcrphic, wvul ore ceslgned to tbezé
sdesissippian(?) to correspond with the ages assigned to sinlier diid
alcng the Connectiout Alver ( hite and Billings, 1951, p. 662), ihe
principel folds in tho reyion, and the metamorphism, are of  lddis o

Late Devonlan sge (Cady, 1203, pe 5003 thite and Lillings, 1951, p.

|



¥
«

siddle
N urdovicien

- W e -

rdovicien (2)

® - wemw -

: ‘a,‘bm for=ation

o ..j:.;_,gr«netfv;om, and eslearecus phyllite sre ainor lithoe 3

TABLE 1. Stratigrephic Rection

]

vormation Thicknees
sorebeoun formationt over LO30! !

surartg-sericite-chlorite~-aliite-gpidote
gramlite with closew~spaced micacecus psrie-
ings, aicaceous quarteits, and saricite slate. |

Embrellaﬁm formation: , 0 -2 200

Juarte-pebble arxl alntm;:;ehbh conglomerate

-with tiin interveds of sericite slate and.

thicker interbeds of {riable calaaraou.. slate;
- containg abundant ch}.orneid.

' g_ﬂnlorit- 20n61 ?mdoaﬂ.mly fine grained,

- thinly laminated, sericiteegusrtzechlorite-albits
schist containing numereus thin lenticlee of

quartz, Greenstose, grapbitlc puyllite, calcarecus i

Some irpure calcite marble in the Foot

gprpet and kyanite songs: Coarge-grained, quartze
muscovite~chlorite schist which contains p ,o*phyro-
blasts of chloritoid, parnet, and kyanite, and

abundant quarts segregations. Interbeds of cosrso-
grained ampbibolite asre presont,

kiddle; 2 1304

Lreerstone and amphivolite; sidvite-actinolite-
epidotmhlwitwarbamte groenstone in nortlhern

- apart ol areay horavlende-epldoigesliite-quartz
'a.wéxiholit‘a in sowbhern part of area; includes sone
Aterveds of sdeacesus schist,

.,wer: 2 : 24504

‘i‘t&wlﬁgic charscteristics sre similer to the
shlorite vong of upper port of the “tove lurswiion,
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TABLY Y. Strstigraphic fecbiop «- Continued.

e e A e =

Formation ‘mickmﬂ
cttanquechee formation: t 2500@

Black graphitic quartz-sericite phyllite and
schist and maspive darkegczy quartzite in
southern two-thirds of quadrangle; pgraphitic
phyllite, pebbly quartsite, and pebbly quartsz-
sericite schist in northern part., Guartzite
with nicnceocus partings snd sericite-quarte-
cnlorite phyllite are minor rock types. Thicke 3
ness in Foot krook areas % 600 feet. !

1

. Cumels Huap groupt over 50091
Fredominantly graphitic sMat and quartaite !
with inmterbeds of mongraphitic schist snd darke ,
gray massive quarteite in central and southern |
part of quadrangle; predoxinantly graphitie and ;
nongraphitic quertz-sericite-chlorite schist and i
gneiss with porphyroblastic slbite in western and !
northern part of quadrangle. Silver-green guartz~
saricite-chlorite-mgnetite-albite schist forms ‘
soveral map units; ono is as much ag 800 feet thieck i
and lies st the top of the Cemels Hump group in the i
southern half of the quadrangle, The Belvlders Htn,
amphibolite, as much as BS0 feet thick, lies at the
top of the Cemels Hump group in the northern part |
of the quadrangle, but fingers out southward, ‘

BASE NOT EXPOIED
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Ketamorphosed sedimentary snd volcanic rocks

Cemals Kump growp
Coneral statement.

The Camels Hunp group (Cady, 1956) includes the schist, gneiss,
quartszite, and other less common recke betwwen the known Precambrian
rocke end the base of the Gttauguechee formation. The base aznd the
lower part of the Camels Hump group are not exposed in the Hyde Park
quadrangle, The Camels Hump group includes pert of the Mount Holly i
corplex as used by Osberg (1956, p. 21+26), sand the Monastery, Cren= |
ville, and Pinney Hollow formations of ceverg (1952, p. h2-51) in the
Rochester area., The latter three formations occcupy sbout the same :
stratigraphlic poaziticn as the Tyson, Hoosuc (or Grzhaaville), and 1«
Pinne; Hollow formatlons of Thowpsen (19503 Billings and others, 3.952j
pe LO=bl), snd Erace (1953, p. L5<50) in arses $o the south of }Zoches{;
I3 has been possible to trace northward the geheral correlation of f:.'ni
formations, bLut they do not forz practical mapring units in the Eyde
Park quadrangle because of lithologie change along the cirike,

The greater pard of the Cauels Hwrp group, comprising slbvite
schist and gnelse, graphitlc zehist, and quartsite, is a hetaragemzevm%
unit with a vide range in composition md grain size within the guade l
rsngle. Three other units, quartze-sericite~ghlorite-cagnetite-slbite
schist, preenstons, and the Gelvidere Xountain amphibolite, were |

mapped snd are desericed separately,

v |
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Albite schist and gneiss, uraphitic schist, snd quartszite.

“plected estimated modes ol these rocks sre glven in Table 2,
colunns l-li, ‘ine Canels Huwp group in the northwest cerner of the i
area and north of the white Face Nountain~Caper Hill ridpge consists |
predeminantly of guarte-sericite-chlorite schist and gneles, and
graphitic quarteesericite-chlorite schlst both with porphyroblastic
albite., A good ecction of these rocks ir sxposed from pelvidere ‘~
Junction, southeastward over Laravey jiowntain, and along the Green
tiountain Club Trail to the essl. i more accessible section is nposeﬁi
along .thu Lamollle River valley wast {rom the site of iverside 3cheol
(Johnsm).y Schist and gneles grade imperceptibly into one another, |
They are silver-gray, mediume to coarse~grained rocks which form large l
emooth outcrops. Albite porphyroblssts commenly range from 3 to 10 :
sillimetors and rarely to 25 millimeters, In some beds slblte makes

2
up aboub 2% percent of the rock, Ouarte, sericita;‘/ aliuite, and

¥

town in which the Zeature ie located. Thd word "pite ir used Leczuse
many of the schools shown on the map are now gbandoned.

"2", Tericite 1 used in thie report to refer to finsegreined whiils

mica, including muscovite, psragonitu, and poesibly others. Paragonite
was present in 16 of 68 specimens examined Ly i-ray msthods; puscovite
ves present in all 68, ‘ezt of the Y-ray study was performed by Hons

Tagebeyr of the “econnysicel Cooeratery, Carnesle Instliubtlon of  asilnge

tong pact of 3% .ep perforsed by the aublor,

This noteztion will be used throughout the pager to refer to the

!
i
H
i
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chlorite are the dominsnt winerals; magnetite, clinoreisite-epidote, x
and touwrmaline are the common sccesscry wminerals, Along the crest of
the Sterling Range a 1ittle west of the Hyde Park gusdrangle garnet ‘
porphyroblasts are present, Suall eunhedrsl garnet crystals enclossd
in slbite porphyreblasts vere noted in thin sections from the camels |
Husp group on the west side of the Hyde Park quadrangle. Locally,
frisble westhered rock indicates the presence of carvonste. Layers 4
rich in quarts slternate with layers rich in sericite and chlorite,
and the platy nrinerals are orlented parallsl to the loyers. mﬂticulari
sggrogates of quarts psralliel to the folistion snd irregular guarts

veins, that locally conteln calcibe, chlorite, and albite, are avumiant

thick, are expossed with the gneles on the south slops of Laraway

Mumerous beds of black end Wiite bended quartsite, 3 to 12 inches 1
fountain, but sre less zbundant southward, ?
The quartz-sericilte-chlorite schist and gneiss with porphyro=-
blastic alidle is very lrregulsarly interbedded with graphitic cquartse
sericite-chlorite echiet containing porphyroblastic albite. The

thicknees of the interbeds rsuge {rom seversl inches to ceveral hundred

Yards. The graphitic schilst is similer in generazl lithologic

characteristics to the nengraphitic schist, tut 4= finer grained and

more schlstose. It im gray to vlack, weathers rusty, and containe some

pyrite, but Do megnetite. The porphyroblastz of »lbite are black 1
beczuse of disseminsted srsphite; some 50 mlllimeters in diameter were
noted nesr felvidere Junction.



In the southern and central parts of the quadrangle the Camele
Hump group is much finer grained and guarteite is more abundant than
in the northwest part of the quadrangzle. GQraphitic schist with o wide
range in guartr snd mica contemt predeminates; 1t is associsted with
micaceous cusrteite snd massive gray quarteite.

‘he graphitic schist and guartszite are cheracteristically gray to
black, contain sporadic porphyroblastis of pyrite, and are rusty weastiaer-
ing. & #ingle group of outeropo commonly canteins the following lnter-
gradational lithologlc types in the follouwing decressing order of
abundance: (1) graphitic quartsesericiteechlorite-slbite schist that
grades into a more micacecus graphitie quartz-serieite-chlorite phyllite
or into extremaly quartsose graphitic schist with thin migaerich layers
thet separate quartze-rich layers; (2) nongraphitic cuarts-sericite~
chlorite«~albite schist; (3) micacecus quartsite, both graphitic and
nongraphitic, with dizcrete paper thin cchisteze partings comprised of
sericite end chlorite; and (L) blue-gray mazsive quartsites without
foliation. Outcrops showing this chsracteristic interbtedding sre shown
on Flate 6, hoth the wmicsocecus snd the massive qusrtzite locally contuin
coarse detrital grains (granule sud pebule sive) of quartz., 7The
quartzite veds are tightly folded, tul in splite of this intense deforma-
tion, there are relatively few velns snd seuregated lentlcles of quariz.

The altite 1o fino-gralined snd is not rcadily seen in tae fleld,
althéugh thin secticns shev sz much ce 15 percent of fLincegrained
albite. Accessory minerals include grapnite, carbonste, sphene,

clinoroisite-epidote, pyrite, limenlte, tourmaline, epstite, sllanite,

21
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and zircon., The thicineee of the layors of variocus lithologic types
ranges from a few inches to reveral tens of feet. The range in
relative proportions of each fype 1z not consistent enough to deufire
-mappatle unite, Thick blug-gray maselve ceds of guartzite
sbundant =t reveral localitiecs, Lub they csn be traced for only =
shert distance clong the strike. i1l of these rocke are well exposed
Im the netverk of roeds belween Johnson and Cenberville (liyde Iark
townshin) and in “terling Brook (Morristosn).

Orain slze incresses to the nurth in the Camels Huwp group east
of the Fool Zrock area and the mlcacesus guartszite becomes quartz-
-sericite~chlorite<-aliite :neins, the graphitic schist and phyllite
becomes praphitic guarts-sericite-~chlorite schist with porphyroblasts

- of black altite, and nengraphitic schist becomes qusrtzeroricite-

=

; “albite~chlorite sehist and gneiss. Albite occurs sz porphyroblasts

from 1 to 3 millireters in diameter amd thin secticns shown as much

8e 35 percent albite. “egregsted lenticles and veins of guarts arve
} more sburdant, Tn the northern third of the quadransle the rocks of

the Camols Hump gsroup on both sides of the Foot Lreok area cro cuazse-

- graimed. On pelviders “ountain, 3.6 mfles H. 27° w.. of the Lnob (Pden),

2 queriz-cericite~zlbite-chlorite gnelss, which underlies the pelvidere

Mounteln smphitolite, 1s simdlar to grnelse exposed on the suwmmit of

Larsviay D ountain,

JO—

J
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Figures 1 and 2. Outorops of Camels Hwmp group showing typical
lithologle feabures. Yote the interbedding and guarts
segregzaticns, 0,80 mile 0. 85° 3, of the xmite of Wiswell
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juartgs-sericite~chlorite-ma.metite-alilte echist.

Telected modes of these rocks are ;iven in Tavle 3, columns
15~18. Eight bands of cuartzesericite-chlorite-ms netite-aliite
s¢hist are shown on the geologle nap, These will be referred to
separately ez the Caper Hillewssi, Caper lilli~asel, ‘weap Howd,
Terrill #Hill, korrisville, Tslc Mipe, doer Fehool, and fast Jounson=
Hydé ¥ark vands. The clean silver-green color of tie weathered
outecrops end the prezence of abundsnt magnetite octahedra {1 te 3
millimeters across) centrasts sharply with the zeneral dark color,
rusty-weasthered surface, and graphite-pyrite-linonite content of the
rocks that surround ihesze basde., Howawver, quartzesericite-chlorites-
uagretite-albite schist is not confined entirely to these vands;
other smaller kands could vo mapped if the exposures were Lelter,
The porphyroblastic aliite~gusriz-sericite~chlorite zchist and gnelss
websb of tho root srook ares are prouavly in part strabigreaphbically
squivalent to these schist cande,

The rock is comprised of clowcely alternating lsyers {one~fourth
to 2 incaes thlek) of :deawricn schist (S0-95 peccent sericite sna
enlorite «ilh sinor quartz) :nd quurtzerich granulite with adnor
gsericite and chlorite. The quartv-rleh prenvlite layers are comwonly
thinner. than the micaceous layers, parsllel the sehistosity of the
wloscooun loyers, snd probably reperesent criginel vedding. Locally,
88 in the Terrill Hill and .ol Johnoons~{yne Prrk Lsmds, beds of
serdoite~chlorite cuartzite that ceoatein detritsl roine of guarte

o e H L 4. 5 ae ™ . . O T o 3 3 - . SR " E vy e
£: vaeh s¢ 5 allliswters soreiy wre avucdashk.  Tendievlar seorecobions
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TABLE 3. Estimated modes of the Camels Hump group.

15 16 17 18 19 20 21 2

“uarte 50 12 1 b2 3
rlbite 3 5 20 57 25 28 15
Sericite 30 70%  S0sx 1L o
chlerite 18 1 W ¢r 13 28 0 3
riotite 15 2 <1 <1 __
r.ctinolite 5 25 50
Hagnetite 1 5 L 1 1l 2 1 j
Graphite
" Garbonate 1 s f
Tpldote group <1 18 ko 3% 3
Fyrite <1
TIimenite - | '
s o e
mege S o
Apatite _ tr 41 tr g (
Towmalte <l
. - a - - | a | -
I
L3

Buscovite; paragonite abaent,

ez 208 of zericite is paragonite.

s##  Explenation on page 5.

15. “uartg-sericite-chlorite~masnetite-nlbite schist - Borrisville

tand,

16, Jusrizesericite~chlorite~magnetite~-nlvite schist - Terrill Hill band.

17, Cuvartr-sericite-chlorite~magnetite~slbite cchist - “wamp Rosd band.

16, Cuartzesericite-chlorite-ma;netite-sloite schist - Caper ¥ill -

weest band,

19. #lbitic greenstone rone in Cemels Hwyp group.

20=22, Eelvidere Hountsin amchibolite,

24



of quartz parallel to the schistosity, snd lrregulsr pods and veins
£ oguartr ore cowton in zli outerops (tlste 7). “owme of the veins
ars ceversl Teel wlde snd may be doacec Ior é5 much »8 100 feet.

The magnetite cotshedra sre mest sbondant in the layers rich in
sicaceous minerals. The albite content ir iow (O to 5 percent) in
the ﬁorrizville,.Terrill Rill, Swamp fosd, snd Cnper Hillwesst bands,
put iz higzher locally (as much as LO percent) in the Caper Hille-west,
and hirher generally in the Talc #ine mnd Cber fchool bands, Parsgonite
iz present in two of the fouwr specimsns studied by X-ray methode,
rucessory minersls inelude rutile, ilmenite, sphens, touraaline,
apatite, zircon, and clinozolsite-epidote. Tae zoutbern bands are
generally fine-grained zohist with 2lblte porphyrovlasts lesa than
one nillimeter in dlameter, but the northern thirds of the Talc kiine
and Jver “chool tands are guartg~zlidte~sericite~chlorite-magnetvite
echist and gnelss,

“ome lithologle features are peculisr to certain of the bands.
he dorrisville band lecally containg beds of limestons from half an
inch to 2 inches thick, and similar beds of limestone ss well as beds

of greenstone have Leen noted in some of the other bamis. isbout 35
Teet of quartz-albite«blotite~sericite schist Lz expozed in the
iaoille River a little south of the village of Johnsen, snd similar
*ock crops out on Ceper Hill in the Caper lillleeast band, the
2imdlarity sugcesting that the Caper Hilleesst and -west bands converype

under the cover just south of -aterman irock (Johnson).



Figares 1 and 2. 'Otrhcrap of gusrtz-zericite-chlorite-mspnetite-
albite schist in Terrill Hill band. Vest zide of Terrill
Ri11l (Horristosm). The white lamins and lenticles ars

quarts,
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The quartzitic laminze =nd cuerts lenticler zre intensely
deformad in snort of theme cange. Thle o forseblion s particularly
vall shown on the werd ride of Tereill Hild ;znd in the Lamollle Hiver
st Johneon., In these sreas the laninse ond lenticles of guarte are
ti: btly folded, sre comsonly thicker in the crests of folds, end are
comuonly intensely sheared. These shesr surfaces (shown on the map
a8 schistesity which transects bedéing:) are the dominant treaksge
olanes and are commonly eubparallel to the long liubs of the folds,
torizontel rections of individual laminge w lenticles are chaped
like an elongate "S® or scroll. The folde plunre stesply both north
and south and thelr movement sense is toth dextrel {offsets to the
right in plan) and sinistral (offsets to the left in plan). The over~
211 trend of the bedding 1s commonly indeterminste., The traces of
the laxinae ond lamticlez on the schistosity suriasce venther out to
fora bands of quarts psrallel to the azxes of the stesply plunging
folde, The thickened crests end axes of these steep folde end the
quartz ®bsnds® ere folded sbout subhorirontal axes thet trend a little
east of north, parallsl to the axie of the Green Mountain antie-
clinorium {see Figure 2).

Slip cleavage is in places exiremely well developed in the
micscecus lsyers, but only poorly developed in the wore gqusrizose
layers. iIn the micaceous layers it is comuonly the dominant suriace
of treaskspge, znd rarely completely obscures the earlier foliatien,

The pattern of the eorly comspozitional layering io cuch miesceogus
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layers ie preserved enly Ly dlfferences in the distribution of quarte
ang clinopolsitee-gpidote.  "ericive wiu chlorite ore orilenied pacsliel
ne the elip clesvepe sad to the axial plones of oriokles In oo serlier
schistonity,

The poattern faormed by these Lands, the lltheolosic zimilarity,
and the lsck of redimentsry or structural evidence for the direction
of tope of beds sugpert that any cne of the quartz-sericite-chloritee
naznotite-albite schist bands could be s synclinel outlier ¢f the
sorrisville band, On the other hand, miner aifferences in lithelogic
characteristics and the apparent gradetion of the Terrill Hill band
into micaceocus quartsite to the south sugeeste that the bande reflect
redimentary facies variations., Tha relstive wmoverment perallel to the
bedding foliation indicated Ly minor folds on toth the east and west
zargine of the lsper Hillewest band in “aterman Rrook (Joinson) and in
the Lamoille River is the came, and is conzistent with s position on
the east limb of an antieline. Ths bands of guartz-sericite~chlorite«
magnatiteealbite schist sre shown as sedimentary facles of the Camels
fiump group on the structure sections, but it is poscibvle thst one or
more msy be one of the other bands repeated by folding. |
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"_-:.u‘-:s:‘;:tta:»{ggi;
Thip vands of presnsbone wers nobed et fﬁxum:*mm loacohitien
1 ikhin she faoels dump geou,, bub oaly two bonde were oxtenglive enough
to show on the map. The largest of these iz southwest of Lowen
cuntain {fden), where Iine-grained, lightesreen tremclitlc resnstone
¢crong out in = band about 6,000 feet long from nerth to zouth ond sbout
3,000 feet widey the actual thickness is ruch less. Ihls greensiong
ie prouebly part of the felvidere Nountain smphibolite repeated in the
oot Prook eyncline. The other greenstone mapped £s s band of albite~
raznetite greenstone from 10 to 75 faeet wide, which waz traced for
sbout one rile both north end routh of ~aterman Lxook (Johnson).
teversl smsll masses of highly albitic preenstone were noted in
the alnite schist and gneles west of the Foob Lrcok sres. 7Theso nasses
rees to be discontinuous, end are mot confined to & single stratigraphic
zone. They are cheoracterized by e hich contant of albite porphyro-
tlastc (Table 3, column 19), Humerous such zones, which range from
lenses & few feet uide to bends seversl hundred feet wide, and which
do not fmymppame units; crop out in the brooks that flow east and
northeast from the “terling Renge. .
telvidere pountain amsiibolite, |
The nare Pelvidere tountain amphibolite was introduced hy Kelth

and Eain {1932, pe 17h) for the rocks expoced on Helvidere Mountain
{346 niles H, 272 . of the inob, tden), It iz here used es the uprer=
mest formation of the Camels Hump group, underlyin: the Uttaugueches

formation composed of bleck phyllite snd pebbly quartzite. On
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ielvidere Hounmbain the awphibolite is provavly 700 to 1,000 fest
Lotel, § thine o less thar 00 feel norils oi [ elvideres  ountaln,
Lat w- s Leaond 20 smiles nerth serers the 0 oand dlen voundsry. The
Lolvidere countain amphibolite ig poorly sxposed for about 2% miles
alone the strike in the northonsters part of the Hyde Perk quad=-
rangles out itz porcible extension farther south is voncesled by
rurficial deposite. The suphibelite finger: ocut laterally soubthwerd
inbo cusctzererdcite-chlorite schist and le sbsent scuth of the eres
of wurficial deposits.

The armphibolite on telvidere ountain is wery coarse gralned with
leoie nledes of darkegreen boroblende, porplyroblssts of darkered
almandite f*az'.‘:wt, and segregationeg of epidote, Within the lyde purk
Gusdrangle 1t consists of o fineegrained, lisht~;reen, slbite-epidote
amphitolites Selscicd wmodss are glven in Taile 3. iasjor mineral cone
siituents are epldote, alulte, chlorile, mnd actinolivic hornblendej
ainor constitvents are magneiite and blctite. The parallel orientae~
tion of smphibole and chlerite graine pive the rock a iude schistosity
2nd compositicnel layers parallel thue schiztosity.

The asphibolite 1z belleved to have formed from a waterelsid
unilc wolcanie detritus, Beds of gzraphitic quartzesericiteeslbite
senist as thin 28 6 inches zre present within the amphibolite. In
one outoroep twe guartzite beds, each thres-fourths of an inch thick,
extend for 20 fest parsllel to the folia'len., The map shows the

Intervedding snd sbrupt trensition alon:- strike from amphibolite
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into graphitic quarts-albite-sericite and nongraphitie quartz-sericite~
chilorits-slbite schlst of the Lamels wnp jroup. Hhere the interbeds of
schist in the trausitlon zones are very vhln, both the achist and the

amphibolite are highly calcarecus, Calezreous amphibolite is coumron at
the north edge of the quadrangle, and graphitic amphibolite cccurs half

a mile farther north on the lower east slopes of Belvidere iountain,

Ataugueches formation
Genex B .

The (ttauquechee formation, first described by Perry (1929, p. 27)
in the Uttauquechee iiiver valley in southern Vermont, is characterised
by massive dark-gray quartzite aml blsck graphitie quartz-sericite phyl-
1ite and schist, It has been traced northward to the lyde Fark quad-
rangle by Currier and Jahns (1941), Brace (1953), Osberg (1952), and
Cady (1956). Cady, A, H. Chidester, ani the author have traced the
Ottauquechee north and adrces the International Bourdary into the “kan-
sonville alate" of Clark {1934, p. 11) in Cuebes,

The Uttauqueches formation crops out in a rorth-trenmiing band about
one mile wide in the southern two~thirds of the guadrangle and in & band
extending from the northeast corner of the quadrangle into the Upper
Diggings (Eden). The latter band, whieh is 0.3 = 0.5 nile wide in the
Nppar Dizgimgs, ends a little northeast of Uavis :ill (Hyde Fark)., for
several miles the two bands of Ottaucuechee are parallel srnd about two

miles epart, These bands are probably comnsected through folds that
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lunge southward benesth surficisl deposits in Lhe ares between liorth
pyds Lerk and den 21ddse  Yhe Ltbauguachos foemstion aluwe appeart in
geversl doubly plunglng antielines withnin the Jtowe lormation esst of
the main belt of the Cttaugqueches, and within a syncline, the oot EBreock
f syncline, in the Foot Brook srea west of the rain belt of the Ottauque-

chee formstion,

5elected modes are given in Table 4. The (ttauquechase formation

is charactarized by black graphitic guartz-gsericite phyllite and schist

5 oni by massive beds of dark-gray quartzite,

The phyliite commonly conbains pyrite and weathers rusty., fhe

' albito content is low and porphyroblasts of albite are rare. Alternsticvn
] of thin layars of while quarts with layers of grephite and sericlte in

f flakes oriented parallel to the layering produwee = schistosity, prob-

j ably a bedding schistesity. A more prominent later schistosity cuts

' zcross the sarlier one, and in many places totally obliterates it,
 The quartsite is dark gray and composed almost entirely of quarts

| with a little dissenimted graphite; rarely detritsl grains can be dis-

| cornod. The quartsite commonly contains abundant randomly oriented veins
| of white quarts. Quartsite with thin, closely spaced partings of seri-
cite and chlorite, and sericite~quartz-chlorite phyllits also cecur,

 The phyllite contains thin beds of limestons in a few places.

A Yany outerops of the Ottauqueches formation cannot be distinguished
from those of the Camals Lump group, but in genmeral, the Lamels hHump con~
| tains more quartzite with micacecus partings, less black phyllite, and

. n



TABLY &4, Zstimsted modes of the Uttauguechee formation,

23 ol ' 25 26 27
uargs 96 22 50 & 79
: @ o
11vite ‘ ‘ . 5 1
Saricite 70 50 21 10
“hlorite 6 10
Graphite 3 g 2
Carbonate 2
sphene 2 2
futile T 7
Tourmaline T
Limonite ) 3 2 3
k anp
 Loeation:

s

liie3 88,
SQ-’B-II, helD
Him3,15, 2.86
KE=2.45, 6.77

Bk
[RbEer sopirenste

§

¥ Detrital grains as much as 1 millimeter in dismeter.

Detrital grains of quarts, quartsite (<1%), and sitdte (K1) as such
28 3 millimeters in diamoter set in o finer matrix,

“rR Zxplanation on page S.

<J. Hassive darkegray quartzite,

P’;’?. Graphitic quarts-sericite-chlorite sehisat,

<{e varts-pericite schist with coarse detrital zrains,

5
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. 1ts schlst appears core quartgose and nore alblkic than that of the
cbnunuoechess fhe Gttaogusches o the west side of Lhe tvob sioek
syneline is resdily gistinguished frew the coarser grolasd rocks of
tue vauels Hump, bub on the aast side of the zyncline it is dilficult
to distingulah one from the other becsuse of the simdlarity of the
Jttauguechee and tLhe fins-gralned rucks of the Camels lump group anmd
. because of the pauclty of outcrap.
The Gttauquecbeé forpation of the rortheastern band, north of
- the Upper Diggingg includes light-zray quartzite and quartz-sericite
| sciist contain detrital grains of granule and pebble size., Beds .of
' the massive dark-gray quarizite erop out north of the fiyde Fark quad-
rergls, The detrital grains, which are as large as 6 nillimeters, are
predominantly quarts, but some are black shale and feldspar; the
grains constitute as zuch as L5 percent of the rock, Those of quarts
are subrounded to subangular and are undeformed, The coarser sizes
ars in beds vith a higher pebbls content., The matrix consists of
quarts, sericite, and chlorite, with iron~bearing c¢arbonate weathering
out, Korth of the Hyde Park quadrangle a yellowish~brown quarts-
sericite sehist with wnly a ssall percentage of grenules is common;
it 1s interbedded with graphitic phyllite., This lithologle type is
ot abundant within the Hyde Park guadrangle.

H“ocks of the northeastern band of Ottauguechee are well exposed
west of South Pond (iden) and an a il 0.4 mile evuthesoutheast of
~dem #411ls. Nocks of the main band are well axposad northwest of

lake Cometery snd east of iyler hreok (Horristown), The contact of
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the Ubtauqueches formetion with the urderlying Belvidere Hountain
aophitbolite 1s axposed on the west side of a hill 1.15 niles morthuest
of =den #1119, he contact betuwsen ihe &Jittax'quzschea ard the 3Stowe
formations is exposed at several places botween Beaver Meadow Brook
tipde Fark) and 3 small hill 0,25 mile rorthwest of Blake Cemetery
(tiyde Park) and in numsrous places within the Upper Dizgings. The
stowe farmation inmrediataly abovs the cantact contains a few beds of
graphitie phyllite and schist that differ from those of the Ottauque~
chee only in the lack of associated beds of quartzite,

Stowe formatdion
ceneral sta .

The 3tows formation (Cady, 1956) comprises "schists and thick
iunterbeds of greenstone snd amphibolite, which are typically developed
in the southeastern part of Stowe township and adjoining areas.” The
name Stowe formstion replaces the Bethel schist of Richardson (1924,

Pe 82-83) because the mme "Bethel® was precccupied,

The Stowe formation is characterized by the predominance of &

i ollvery-groen, sericite-quarts-chlorite schist with numercus lenticles
5» of granular white quarts parallel to the schistosity (Plate 8), Bedded

arphitolite or greenstons sre compon througheut the Stowe, ard range
from a foot to a thousand feet or zore in thickness, Ailthough schiste
F above and below the large mass of amphibolite shown on the map are
similar, it is convenient to describe them separately because the
effects of nmiddle-grade metmuorphism are confined almost entirsly to

- the upper schist. Sstimated modes are given in Tables §, 6, and 7,

b



Figure 1. Outorcp of Yypical sericlite~quartz-chlorite schist
of the Stowe formotion. lote the sbundance of quearts
segrogatione., About LOU feet scuthwest of southwaet

corney of Collins Pond (flyde rark).

Filgure 2, Typical oatcrep of “towe formation in the Foob Brock
erea, 1.20 miles S. 65° . of the site of Davis Heighbore
hood “chool (Johnson).
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TABLE 5, Fstimated nodes of the Stows formation -~ chlorite zone.

35 36 37 38 39 40 Al 42
suarte 5 1= %0 W 2 2B 33 I
ruscovite 23 ) 50 38 32
z*aragonitoj “o 16 § g } = 2 8
Chlorite W W 13 10 5 8 2z
Chleriteid 15 1, 2 4
- Albite 12
znm.gneiite T 8 3 1
Carbenate 2 K1 35 5
Limonite 10 2 3 <1
Epldote group T 2 h 3
Ilmenite 1l
Rutile 1 3 5 =2
Pyrite <1
Tourmaline T 1 T T
Apatite <1 <1 <
mm I I TEIL TYT
£ § 8 €44 % § %
1 4 3 &8 § & 4

#  EZxplanation on page 5.
35-37. 3ilvery-gresen sericite-quartz-chlorite-slbite schist,
38, Ankeritic quartz-saricite-chlorite schist.
39. Ankeritic quartzesericite-schist with chloritoid porphyro-
blasts,
L0~42, pnartzesericite-chlorite schist with chloritoid porphyro-
blasts. No. 42 from Foot-Brook syncline,
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6: Eetimated mpdes of the greenstone and amphibolite of the
Stowe formation,

28 29 30 3 32 33 34

i 55 20 L5 i 5 10

wite 2% 19 10 2 <1
. , ﬂtl* 15% 0%
shlande® Wwr 3% 55
pogroup 25 <1 0 12 K0 50 30
Ate 1
e 1 3 2
te 10 25 2 1 <1
<1 3 15 2
Tt
3 2 3

s
)
*3

Z=3.66, 0.49
58=1.17, 4450
38=2e27, Ouh8
SE=3420, 1.85

o
sy

;
%

3‘3M0w
HRe3.27, lokb

BC-B. 76’ 1070

h

%
*

*Hornblende if ine = 259,
"Quarts plus albite; quarts predominant.
Hixplamation on page 5.

7o Ankeritic greenstone from northers part of quadrangls.
Epldote=actinolit ewzlbivo=chilorit s giseustone.
Epldote-nlvite-quarts ssphidbolite,
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i Tovie 7.

tstimated sodes of the Stows farmation - Kyanite and garnet

gonesd,
Mk K8 46 AT k8 A9 50
30 68 25 5 35
2
- Buscovite 50 18 38 s 60 }17 55
t  Paragonite T 1z 57
10 8 1 =20 20 g [
Chloritoid 5 7
Almandite Ry T Y R{ 3%\ 1% 2
: s R A 508 s
Magnetite 1 2 7 3
’ 15 10
_— Js
<1 <1
Epldote growp 5 1
mlim T 1 1 T T
7 <1 T 4 T T 7
. & 4 § 2 8 E 3§ 4
L] - r4 o [ o] ~t fo ] o
5 £ ¢ § 4 4 & &

ets
%-sg:

Completaly retro sd,
Retrograded with relics left,

Present in hand specimsn, not in slide,
JSome blotite present,

éxplanaticn on page 5.

Howe forsation, garnzt ame,

Sbowe lormatlon, kyaplie zone.
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Korth of the vicinity of iack Woods iond (Hyde Park) the Stowe
farmation is overlain to the east by the Umbrella Hill formation, con-
sisting of oconglomerste and slate, Farther south where the Umbrella
K11l formation is absent the Stowe grades upward into the Horetown
formation by a decrease in the mzber of quarts lenticles and by the
additien of the charactaristic "pinstripe” schistosity of the Horetown,
This gradational zone, several humired fest scross, is exposed about
half 2 mile south of the lLamoills River, |

lower achist.
’ The dominant roeck bensath the main body of amphibolite is a fine-
grained and thinly layered, silver-gresn sericite~quarts-chlorite-
albite schist. 7Thias rock is well exposed on Bean Mountain (Eden),
The sericite content 1s generally greater than the quartz conteat if
the quarts lenticles and velus are u_eluhd; if they aro included the

sericite and chlorite togsther generally excoed the gquarts, The al-
bite, commonly fine grained, is generally less than 5 percemt of the
rook, Nagnetite octahedra are common, Aecessory minerals include
rutile, cartonate, ilmmite, sphene, limonite, clinozoisite-epiiote,
tourmaline, and apatite, The schist econtaims quarts lenticles and
lamirne oriented parallsl to the foliation as well as mmerous quartsz
pods and velns, Bodding is rarely yreserved in this rock, and the
lenticles, laminae, pods, and veins of quarts are believed to be sep-
regations of quartsz derived from the swrounding rocks, The segre-

gations may in part have forped about oripginully guartz-rich beds;
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 woald tims parallel bedding, but would mot actuslly be bedding.

m:nt schistosity is a bedding schistosity in places, as both

s of thin sections and fisld cbservations have shown, but else-
dominant schistosity cuts an earlier follation. iome pore

sts of albite intersect this late schistosity and hence

fine-grained, light-colored epidote-sctinolite-albite-chlorite
metine, browm-weathering calcareous greenstone, amd thin beds of
Mtic phyllite are interbeddad in the schist. Locally the schist
’ hers brown and contains as wmuch as 15 parcent of limonite which
- to lnve altered from ankerite,

Fast of the northeastern band of the Ottauguechee farmation in

8 Uppar Diggings a silver-grsen quartz-sericite~chlorite alate or
jlyllite is aburdant. Bedding is poorly preserved and the slaty
Mgo apparently generally cuts scross the bedding, The slate or

Ayllite contains porphyroblasts of limonite apparently pseudomorphic

&uto content. A few beda contain as much as 15 percent of tabular
phyroblasts of chleritoid,

The basal part of the Stows farmation is well exposed north of

® Canstory (Hyde Park) and south of the site of North Randolph
Q (Morristown), It is made up chiefly of sericite-quarts phyl-

Alte, similer to that in the Upper Diggings, snd of black graphitic

after magnotite, and locally weathers brown owing to the limonite and -
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greenstone, and beds of impure dolomite are comron., Impure dolomite,
ankeritic quarts-sericite phyllite, graphitis phyllits, and ankeritic
greenstone &re abundant from Clevaland Corners (lyde Fark) to sbout

half a mile south of the Lamoille fiver, They are espscially well

exposed in Hodwman Brook,

The mein aass of amphibolite south of the lamoille iiver and west
of Slmore Kountain is composed of 8 fine-grained, greenish-black,
epidote~albite~guarts amphibolite with hornblende needles barely vis-
ible tg thp unaided eye., KMagnetite is an zburdant accessory mineral,
amd Sph:nt ard rutile are common. Selscted estimated modes are pre-
sented in Table 6, columns30-34. Although the amphibolite appears
massive, parsllel orientation of lornblende needlss and scme composi-
tionsl layering, pertieularly of epldote and carbonazte, produce a
poorly developed folistion, However, the rock does not split readily
along this foliation. Thin quartz lenticles parallel to the foliation
are falrly comeon, and me thin aection of the ampt'li‘noliw contains
25 percent of gquarts, Swall pegmatitic aggregates of albite, horn-
blenie, epldote, and quartz were probably derived from the surround-
ing rock during metamorphlism, The origin of large irrsgular patches
with a high content of epidots is not known, but may be ths result
of original differences in composition rather than of metamorphic
segregation. 1his amphibolite 13 well exposed at numercus points

along the alwmore -ountain road,



¥ost of the amphibolite in the large area west and southwest of 31~
g wowe ol (Llmors; is correlsted with the zain mass of awmphibolite west
of slmore Zountaln, It is simllar to the zain mass, thouzh someuhat
E coarser grained, Amphibolite beds as nuch as 100 feet thick are rather
corson in the upper schist of the Stowe on tlwore iountain and south of
ilmore Pond. Jome of this area is within the kysanite zone, and the em~
| piibolite is coarse grained with stubby hornblende blades as much es 4
rillimeters acrosa, Garnet porphyroblasts as much 23 10 millimeters in
diumeter were rnoted at a contact between amphibolite and schist. Peguna~
titic aggregates of albite, hornblenie, and epidote are rore abundant,
coarser greined, and larger than in the main amphibolite mass,

Horth of the lamoille River the amphibolite is 2 fine-gralned,

light-green albite-actinolit e~epidote~-chlorite-carbonats greenstone,

| Table 6, colums 28-29, cantains selected, sstimated mdes of this rock.
Actinolite neellos are fine grained, snd in places are not apparent to
the unaided aye, The earbonate content is higher than in the amphibo-

' 1ite, and there are numerous intordbeds of highly ankeritic groonstone
and of ankaritic, graphitic quarts-sericite phyllite, Thase rock types
are well sxposad above and bLalow the Garfield Dam, 0.7 nils northesst of
Lavis Hill (elevation 1,140 on Creen kiver, Hyde Park).

The protolith, or premetamorphic paremt, of the amphibolite and
;Ereenatom was probably water-laid mafic volcarlc detritus adulterated
with other sedimentary materisl, and the compositional leyering probably
represents bedding, The compositional layering is comronly parallel to
bedding in adjacent schist, to the contact with the schist, and to thin



schist interbeds within the greenstone or amphibolite., iven where the
gammnmt schistosity in the schist is rnot parallel to its bedding on &l-
:\uu;re rountain, the follation in the smphlvolite commonly paraliels the

ibeddinge

U o .

Zorth of Hyde rond (Hyde Park) the roek above the main mass of am~
phiivolite is similar to the lower schist, Yellowlshegray weathering,
£ine-grained, and thinly layercd sericite-quarts~chlerite-albits schist
predominates. This grades into brown-weathering, ankeritic sericite-
iquarts phyllite, many beds of which contain abundant porphyroblasts of

hloritoid, Albite porphyroblasts are locally abundant, but do not seem
L be as widespread as in the lower schist, Albite ard chloritoid have

t been noted together, Humerous interbeds consist of rusty-weathering,

tchily graphitic and ankeritic, sericite«guartz phyliite with porphy-
blasts of pyrite, Thin quarts lerticles locally resemble pebbles,
ctinolitic greenstome and greemstons high in carbonate are common,

The schist north of Hyde Pond (Hyde Park) is fine-grained end con-
s chlorite and chloriteoid, but no garnet, South of Hyde Pond the
ist is nuch coarser grained, and at the south border of the quadrangle
covite plates are as mich as 10 millimeters across) garnet dodecahe-
rons reach 8 millimeters., Garnet and chlorite aggregates, pseuwdomorphic
or garnet, occur a little south of Kyde Pondi and became more abundant
the scuth, Kysnite occurs from the north end of ilmore dountain south
to the Hontpelier quedrangle,



The mineral ssaenblages noted in the schist of the Stowe forrmation

% wre included in iable 11, iuscovite and paragonite were icenmtified by
E

aepay methodue Jaragunite was found in rocks e:mt.aming, chlorite ard
chloritold, but not in those containing garnet aml kyardte, In the lat-
ter the muscovite probably contains a substantial acount of sodium,

In the chlorite- and chloritoid-bearing rocks magnetite and carbon-
ats are the abundant accessary minerals, and epidote~clinozoisite, ru-
“ tile, {2renite, limonite, tourmaline, snd apatite are common, In the
sarnet- and kysnito~bearing rocks magnetite, rutile, and ilmenite, are
aburdant; sphens, tourmsline, apatite, and allmnite are common,

The mineralogy of these rocks is complicated by the partial alter-
t ation of kyanite, gairmet, and biotite to minerals characteristic of &
| lower metamorphic grade. Thus, kyanite is partly replaced by flne-
§ grained muscovite (identified by Xeray methods) and chleritoid, and
} garnet by chlorite and sagnetite, The relict taxtures, the pseudomorphic
replacesent of kymite by muscovite rather than pyrophyllite, and the
. known pro-grade mineral assemblages in adjacent areas suggest that the
f nineral assemblage almandits~kyanite-biotite-muscovite-quarts exiated
| 4n the sahist befors the retrograde alterstion.

In the kyanite zono yartly altered porphyroblasts of garnet and
f kyanite respectively form as much as 35 percent ard 50 percent of the
I rock, Lenticles and irregalar shaped masses of eoarsely erystalline
jquartz are abundant. These ssem $o have been segregsted from the sur-

jrounding rocks, and thin sections from localities in the kysnite wone

f¥nere juarts lenticles and masses are especially abundant show that the



§ giiocent rock comnonly eontalns 1ittls or ro quartz, The schistosity ie
roor owipy to the cosrseness of grain., Hedding is rerely preserved in

' the coarse-grained schist on Ulmore Hountain, chmgh rorth of the
Lamoille iiver compositional layering conmonly indicates the bedding,
However, the attitude of bedding is indicated in many places by the con~
tact betusen coarse-grained amphibolite and schist interbeds,

~chist the ¥ 3 a8,

The rock of the Stowe fermation axposed Zn a syncline in the Foot
“rook area, the Foot Brook syacline, is predominantly fine-gralined
quartzesericite~chlorits achist with interbeds of graphitic juarte-
sericite~chlorite achist and phyllite. Ureenstone and impure calcite
rarble also ocour. The quartz-sericite-chlorite schist has & high seri-
cite content (both muscovite and paragonite) and a shiny weathering
silver-green appsarance (Flate 8), Itl is generally nmon-albitic, but
thin beds containing porphyroblasts of albite are present, Fineegrained
chloritoid porphyroblasts cccur locally throughout the Stows formation
in this area, Kagmetite occtahedra are very aburdant; soxe beds contain
as much as 5 percent magrnetite with octahedra as much as 15 millimeters
across, Porphyroblasts of pyrite occur in some beds znd are abundant in
the zraphitic interbeds, Tourmaline, apatits, rutile, and llmenite are
comzon accessory minerals, The schist contains numerouvs thin quartz
lenses, and commonly has well-developed slip cleavage and crinkles.
~uartsits beds are absent in both the quartz-saricite-chlorite schist

and the graphitic schist,



The graphitic schist and phylliite is nighly miecacecus, thinly folie
gx‘cef , i appears Lo centaln very litile albite, ihe Jreenstone bods
\ e ciphly aladtic and lsve 8 marked layering za;aaw by diffezrences in
ibite cantent, A thin ssction frox ihe band of greenstone siown on the
ep conbiins uore than 75 percent aibite, Hoth the quartzesericite-
phlorite schist snd the graphitic phyllite are well exposed in the cliffs
D.55 mils east of the site of Riverside Schicol (Johnson) and in the uppar
- inubaries of Foot Brook north of the site of Uavis Helghborheood lchool
[Johneon).
Tids area of guartz-sericite-chlorite schist is correlated with the
Btowe formation on the basis of general lithologie similaritly (including
bhe common appesrance of chloritoid ani paragonite). Ailsc the bordering
porie of non-albitic black phylliite and quartzite which separates the

usrtz-sericite-chlorite schiist from the aloitic schist and zneiss of

he Camels Hump greup closely resezbles the Uttanquechee farmation, and
he normsl sequence--Camels Hump, Ottaugueches, and Stowe~-is suggeasted.
'he gquartz-saricite-~chlorite-megnetite~albite achist dands of ths adjoin-
ng Camels Huwsmp group are readlly distingulishable from the rocks of the
towe farmation in the Foot EBrook arss becauss they contain nuaerous

picaceous quartzite beds and have a higher guarts and albite content,

Umbrella li1ll formation
Conglomerate and interbedded alates, which are typically exposed on
jnd nsar Umbrella Hill (Kyde Fark) along the east-central Lorder of the

[uadrsngle are here designated the Lobrells iiill formation, A small
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Pigure 1. Umbrells Hill conglomerate. Slazte fragments outlined
by chalks the white fragmemts are guarts, 0.15 mile ., of
beight of land on Eden-Craftsbury road, Hardwick quadrangle,

Flgure 2, Relation of slaty beds in Imbrella H1ll conglomerate
to schistogity. Contact betwsen slate snd conglomerate
cutlined with chalk, Yest side of Usbrella Hill (Hyde
Park).
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muse of the conglomerate, which 1s isolated in a tight syneline down-
fcmm in the stowe formation on the west side of imbrella 1Hill, rests
é«i‘bh sngular unconformity upon auphibolite beds within the Stowe. ihe
| couforimity may be seen at aeveral places, At one of these, on the
ast side of the isolated masa, vertical beds cf slate within the con-

lomerate strike north. Twenty feel west is an ocutcrop of amphibolite

»

he compositional layering and foliation of which strike N. 50° &, and
ip 44° Ww,.; this attitude is general over a considersble ares. The

irbrella iill formation is overlain, apparently eonformably, by the
‘oretown formation. The conglomerate has not been traced south of the
icinity of Zack kocods Foud, In the southern pert of the Hyde Park
uadrangle and in the Kontpelier quadrangle (Cady, 1956) the Stowe
ormation grades upward imto the Noretown forzation without apparent
tratigraphic break, The Umbrella Hill formation is readily accesaible
the Hardwick quadrangle, 2,55 miles mouthesst of Eden Hills, at the
eizht of land on the road frem idem Kille to Craftsbury. W, K, Cedy
and the author have traced the conglomeratc sbout 19 miles to the rorth-
thesst from the point where it leaves tho east aside of the liyde rark
uadrangle. It apparently thins to sxtinetion both to the north snd
uthe In seversl places north of ihe Hyde Fark quadrangle interbeds of
eaistons are present within the Umbrella iill formation, and the con-
lorerate thins to extinction in greenstcne northward,

sands of conglomerate at the east and west borders of the formation
e saparated by a calcarecus grey slate, The slate is poorly exposed,

t thers are several cutcrops a little north of Collins Pord (Kyde
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4 rark)s The eastern band of conglomerate thins southward to extinction
Just east of Colilns Vend, A 1little sowih of Loiling Pend 100 feet of
canzlomerste are exposed in the western band, Sut 0,75 rdle farther gorih
it is only A& feet wide,

Subreurried white quarts. pabbles are rost sburdant in the conglomer-
ate, but red, yellow, ani blue-gray slate fregmints are common (Flate 9,
figure 1). The largest pebbles in rost outersps rangs from 2 to 3 inche
es in dismeter, but quarts pebbles as much as 5 inches in diameter have
bvaen noted, The pebhles are undeformed, The matrix is composed of
quarts, sericite (both muscovite and paragonite in soms specimens) and
fina-grained opague minerals; it ranges in color frem biue-gray to light
tan, Porphyroblastic plates of greenish-black chloritoid, 1 to 3 millie
meters in diameter, are abundant in both the matrix and the slate pebe
bles. 7The overall chloritoid content seldom exceeds 5 percent, but much
of this is concentrated in certain slate pebbles and in thin sones in
the matrix, Estimated xodes are given in Table 8,

Thin beds of gremish~yellow sericite slate with as ruch as 30 per-
cent chloritoid porphyroblasts are interlaminated with the conglanerate.
Slaty cleavage cuts across a color layering and across thin psbbly beds
in similar slate in the isolated tass of the conzlomerate on the west
slope of Umbrella liill (Plate 9, figurs 2),
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il 8, Ugtimated rodes of Umhralls Hill formation and sorstown

: formation,

V 51 52 53 54 55
uartg 55 35 55 pa 75
Jlbite 7 2 T
sericite 3B 45 25 d 19
Chlorite 5 # 3
Chloritold 1
Biotite 15
Tutile T pa T
Graphite ?

Fagnstite 9 8 3 <1
fipidote group 2
Tourmaline T <1 T T
ipatite T T
uvimcnite a4
;4
S T D PR PR
s 0§ 3¢ 35 0©
S S L

* Too fine grained to estimate mode,
#*  .xplanation on page 5.
51~52, Matrix of Umbrellsa Hill formation - quarts and albite are in
part umrecrystallised detrital zrains, -uvarts and slate
fragnents are present in hand specisens, Paragonite was
, found in 2 of 6 specimens,
§ 53-55. Granulite from Foretown farmation.
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Yoretown farmatien
ing roretown foarmntion (Vady, 1956 cozprlses yuartieaslbiteeserie
civg~cnlorite graralite, yuartuite, phyliite, SreEnILEnG, and slatep it
1s typleally exposed in eastern horstown townshlp in the Fontpelier
guadrangle. Ip the liyde Park quadrapgle it includes quarti-sericite-
chlorite~albite~gpidote granulite .ith numercus close-spsced micacecus

- partings (the “pinstrips"), micaceous quarteite, and sericite slate,

all rather peerly exposed. sstimated sodes are given in Teble &,
.nese rocks are all light green and locslly contaln porphyreblasts of

| biotite (0.5 nillimater acroas). Several beds of calcarsous gresostons
. wore ;oted. The Horetown overlies wth the Umbrella Hill comglousrate

and the Stows formstion conforwsbly, and, as already polnted oul, grades
upward from the latter by interlamination, Unly the lower part of the
roretown formation sppears within the Hyde Park quadrangle,

Intrusive rocks
Serpentinite, tale-carbomate rock, and steatite
Bodies of serperdinite or its motamorghic derivatives, talc-carbon-

ate rock erd steatito, oocur at fifteen losalitlies known to the author,
ihey ars commonly slongste parallsl to the foliatisas of the suclosing

| rocks, and moat dip very steeply. Sorpemt inite is dark green on & fresh

surfaes, but weathurs to pale gremishewhlte or bulf, Ialc-csrbonate
rock La mottled greenishe-gray ami weathers brown, The carbonate, prew
sowingntly magnssite, ranges in content fiom about 25 to 45 psrownt.
“lestite is white or green, wasthors graylsh tan, and is nearly pure
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rnalee uoller bodlos may be complaetely allered to baleecarbonate rock
~rvd steatite, but where in larger badies the alteration is incomplste
tale-carbonsts rock and steatite form successive ouler zones. 1he ade
joining country rock is altered to chlorite schist c¢allad "blackwall."”

Serpentinite, or its derivatives, or both wers noted at the follow-
ing localities; those with poasible economic interest will be described
in 2 later section,

1) 1.15 miles ¥. 6° &, of the Knob (iden).

2) 2,20 miles H. 48% W, of the Knob {Zden).

3) 0,50 mile K. 4O0° E. of the summit of Bowen Xountain (iden) on

Green Fountaln Club Trail,

L~9) %Within ares of gresnstone shown on map southwest of Bowen
Fountain (iden), three axposed in brooks on rap, three ex-
posed on ridges,

10-11} Talc Hine area (Johnson).
12) 1.20 xiles K. 57° %, of Christy 3chool (Johnson).
13) 0,39 mile 3. 53° ¥, of bridge over lamoille itiver (Johnson
village),
14) 0,27 mile 3, 58° W, of iled Bridge (Morristown),
15) 1.6 miles H, 30° W, of the Knob (Eden).

Lanmprophyre dikes
Two dikes wers noted within the Hyde Park guadrangle amd one a2 lit-

tle west of the quadrangle, The dikes are unmetsmorphosed, unlike the.
focks Lthey intrude, and are cosmmonly intruded into joint systems that
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are tronsverse to the regional structure, 3imilar dikes are found througl
out the siats. atineted rnodes of dikes from the Bpie Fark ard Fontpelie
~umirangles are given in Table 9, |

The rock 1o black and aphanitle, {henocrysts of hornblende, magnet-
ite octahedra, and aggregates of analeite and earbonate occur in a fine-
grained groundmass of plagioclsse feldspar and brown hormblende. The am~
phibole seens o bo an oxyhornblende near the commoen hoarnblende erd of
the series, which indicates that these dikes should be classified 2s spes~

sartites,
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TABLS 94 dstimated modes of post-metamorphic dikes
g6 57 3 59
rornblande 37 25 5 30
slotite 10
10
Chlorite
sugite 10
#lagiogelaae 4O 60 55 50
‘ (2n55) (An5) (Ans5)
Lrgnetits 10 10 10 5
inaleite }
3
Carbonate 5 10 15
& N 03 [
{ocation: &: e é . éxo'
& “ S <
3 g € g
[ ~ i 3(‘\
3 ‘I (
§ g

¥ Sxplanation on page 5«

56~57. Post-metamorphic dikes from Hyde Park quadrangle.

58=59,

52
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FLUCT

The Groeon counmain anticlinorium is Lhe mejour sbructursl {esiure in
this area. Its axis crosses the extrame northvest correr of the Hyde
Jark guadrangle in & northerortheasterly direction, but farther south, a
little west of the area, it trends more rortherly. The bedding dips
gcently east nsar the crest of the anticlirorium, but steepens farther
eastward on the eust limb, The general east dip is reverszed by a mumber

 of subsidiary anticlines (sce cross sectiwns) that trend subparalliel to

the wain anticlinorial axis, There is ro evidence for najor faulting in
the Eyde Park guadrangle,

The general areal pattsrn of the various mapping units indicates
broed, shallow open folds, but, a¥ discussed in the section an minor
structural features, many of the minor structures fall to refisct the
attitude of the axial planes or the open nature of the larger folds,

The cross sections are infarred primarily from the generzl areal patiern,

Horthwest and north of Johnson village part of the Ottsugquechse and
Stowe farmations appear in the Foot Brook syncline where they are downe
felded in the Camels Hump group, west of thsir mein belis of exposure.
irsse formtions crop out in the Foot Brook syncline over an area asbout
11 miles long from north to south and about three miles widep they axtend
narthward into the Jay Peak quadrangle,

An anticline must be present east of Johnson village betwesen the
Yoot Srook syncline and the main belt of exposure of the Uttauquachee

fermation, but its axis could rot be locatad, The discontinuity of the
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¢ bands of quasrtz-sericite~chlorito-mismstite-sInit o schist 4in the cemtral
part of the quadrangle are chown on the cross-sections as the resull of
-k sedizentary facles changes, but, as discuwssed previcusly, soms of thex
ray be isclated, downfolded synclines,

East and northeast of Centerville (Mxie Tark) and in tho Upper Dige
gings several folds are shown by the pattern formd by the Cttanquecheo-
Stows contact, ihese folds just exzst of Centerville are doubly plunging,
whereas thoss in the Upper Uiggings plungs gently souttward, Othar folds
 are shown by the pattern of the azphibolite unit south of Garfield, and
by ninor structures gsoutheast of Carfield, In the vicinity of Elsors
~ountain several folds are shown by the patiern of the amphibolite units,
A1l of these rathsr open folds have nearly harizontal, north-scuth trand-
ing axes, Similar folds ars found in the Kontpelier quadrangle ard even
farther south, as wall as north of the Hyde Park quadrangle, along the
trend of the Northfield, Worchester, ard lowell Hountsins,

Hinor structyral Leatures
Introduction

The outerop mttern of the forzmation boundaries :nd & knowledge of
the stratigraphic sequence commonly providea suf ficient evidence to aut-
line the major structwral features, Howevsr, the minor structural fea-
tures are also of great importance in understanding the pature of the
rajor folds and the sequence of tectonlc events, These minor structures
include planar and linear features, whic¢h may bs obssrved megascopically,
&nd taxtural features, such as rotated porphyroblasts and fractured
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sraing, which may be readily observed microscopically. referred lat-
i tice orientabion and proferred cinensionsl orieatation so alight that it
pay be recoguised ondy by statlstiecal analysis'am not ineluded here,
| oth the character and the gpatial relstions of minor structures are
. uged in the final interpretation,
siegascopic directional properties of 3 rock may be ocutlined as
followas
Flanar {eatures (i planes)
1) Freferred plansr dimensiomsl oriertation of elongate, platy,
or ellipsoldsl grains,
2) Nonequant aggregates ¢f graine, that is, a layering or lamina-
tion,
3) Fractures, independent of prefarred planar dimensional orien~
tation of grains or grein aggregates,
4 hL) Fractures and joints.
Linear features (lineation)
1) Preferred linesar dimensional orientation of elongate grains.
2} Alongate aggregates of grainas,
g 3} Lines of intersection of plansr features.
4} Fold axes.
§ lhe following features are commonly readily cbservable microscopically:
1) Rotation of grains marked by helical plmes of inclusions or
by the orimtation of rressure shadows around porphyroblasts
(sugge, 1930, p. 32, Fairbairn, 1949, p. 52-57).
2) Fractures and strain shadows in grains,
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3) franulsted rrain boundaries,

Flanar structures includs foliaticy, fracture ¢leavage, alin cleaw
ara, and Joints, folistion describoes & ;%m*&llalism of the planar ang
linsar fabric clemsrts of the roci, which enables it te part along near
1v parallel plsnes, These fabric elevents include aggregates of grains
in lenses, vods, laminae, ard layers as well as individual nonequart =y
sral grains, This usags of foliation corresponds rathsr closely %o tha
of Fead (1940, p. 1009), Fairbairn, (1949, p. 5), Turner (1551, p. 559)

illipma, Turner, ard Gilbert (1954, n. 169), 241lings (195, p. 336),
and Kemp and Grout (1940, p. 222)., Primary follation includes bodding
fissility in sedimentary rocks and flow plenes or layers in igneous
recks; segondary foliation includes secondary layering or lamination an
schistosity, as they are defined hers., The angulmr relaticnahip of
sacondary foliation to primary lamination or foliation may be expressed
by the terms, bedding or parsllel, and irausverse. lLavering or lazina-
tion, which nmay be primary ¢r secondary, describes a parallelism of
layers distinguished by their composition, texture, or soler, Schig~
tosity, though also used for & specific type of folistion, describes
the parallel preforred orientation of nonequant minerals, The purfec-
tion of a schistosity, 1.0., the extant to which nonequant minerals in
parallel preferred criemntation make up or characterize the rock, depend
upon both the amount of nonequant minerals amd the degree of preferred
planer orientation of these minerals. The term flow cleavage has been
ussd in such the same sense by Leith (1905, p. 12) and Gloos (1937, p.
61), but others (Fairbairn, 1949, p. 239) bave raised objections to thi
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term.

savarsal teras ave uwsead to deseribe follation characterized by ceorw
voin Mmited ranges of relative devslonrent of schistonity and lamina-
ticne

$laty elegvape characterises the planar structwrs of 8 fine-grained
rook with good schistosity, but rno or poor lamination,

Sehistogity characterises the plarnar structure of a fine~ to mediume
grained rock with good schistosity and poor to falr lamination,

Cnelssic foliation (gneissosity) characterizes the planar structure
of & redium~ to coarse-grained rock with poor to fair schistosity and
fair to good laminstion,

The decreasing parfection of alaty, schiistose, eni gnelssic folin-
tion iz dus to larger grain size and to 3 lerper roportion of equant as
conparsd to nonepant minerals,

Cleayage, in accord with its etyzologieal derivation, describes a
cleaving or splitting--an actual parting surface, Ipacture glesvazs,
in accord with common usage (Billings, '} Leith, 1923, pe
148) is essentially a clese-spaced fracture or "near~fracture®, which
is indepandent of preferred planar orientation of nenequant ninersls,

4lip gleavaga (Dale, 1896, p. 560) was first used to describe  small
ricrofaults that develop on the limbs of susll crinkles, but its usage
has gracdually besn cxiended to & varisty of transitional stmuctures.
core slip cleavage 1s merely the siriking "nerring bove" symuetry siown
2y tight erinkles in highly micacecus rvek aligned along parallsl axial
planss; no surface of discomtinuity may be sven although the rock will
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eo-ronly part, As the crinkles becons tighter actual surfaces of shear
:‘p‘vﬁ&f along the thinned amd sligned fold lizbs of the folds. Ulommonly
é‘t-ha firast-forred surfaces are discostinucus, passlng from actual swrfaces
éo tignt crinkles and back to actual surfaces of discontimuity (ilate 13,
frigurs 2). In this stage the slip cleavage cmuld actually be called
fracturo cleavage excopt that, as pointed out by White (1949, p. 592), it
43 questionable that the slip cleavage is entirely independent of minersl
joriertations liith further development platy minerals are present in the
surfaces, oriented parallel to them, Some schistosity ami slaty cleavage
lconsists of such surfaces, clesely spaced, and containing abunmdant platy

1ls orieted parallel to the surfaces; the surfaces are separated by

rests of cripkles in the earlier folistion. Slip cleavage is dependent
pon the existence of an earlier foliation for recognition; were this to

o obliterated close-spaced slip cleavage would be deseribed as a slaty or

chistoss folistion rather than a slip cleavage, Such a transition has
een described by White (1949, p. 591).

{hin layering and sufficient platy minerals so that slippage can cocur
allel to the surfaces of the layers seem to be essential for the foarma~
ion of close-spaced slip cleavage, It may be absent in granoblastic
yers of a schist and yet be extensively developed in adjacent micaceaus.

iJua:,un-ss. In fine-grained rocks rich in micaceous minerals the individual
Eurfaccs are smooth and continuous, but in coarser-grained rock they are
u

l ite irregular and discontinuous,

E Folded planar structures are a very useful structural elerent because

¢ pattern and epatial relations of a fold indicate the relative movement
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ot the point of observation, The attitude of an imaginary plane tangent
vo the erests of a series of folds zives the average «4dlp amd the trend of
(o sd rlanar fentures. The fold patterns of folds with limbs of unsqual
length are distinguished as daxtral when they offset to the right in plan
and ginistral vhen they offset to tha left. & fold is geytral when its
liros ars of equal length. | -

Differences in the geometry of folds sppear to be closely related to
sifferences in lithology and hence to differences in competency (see for
axample, Dale, 1896, p. 5643 Thompson, 1950, p. 94§ Osberg, 1952, p. 793
srace, 1953, Pe S4)e Thickelayered, normicaceous units smeh 23 guartzite
form opsn folds of larger wave length than do more micaceous, thinly laye
ed schistose unitas, The schistose units have smell tight folds and may
have a transverse schistosity parallel to the axial plane of the more ope
felds in the quartzits, Moreover, folded micaceous beds have changed sha
more than have adjscent quartzite beds; the lisbs generally being thinned
with respect to the crest of the folds,

Character and spatial relations of minor structures
Gepera) statement.

Plapar featurea shown on the map (Plate 2) include bedding, various
Lypes of schistosity, and slip clesvage; fracture cleavage, slaty cleavag
and joints, though rot mapped, sre present locally, Linear features shm.
°n the map include quartz rods, fold and crinkle axes, and the interssc~
tlons of certain planar features; mineral alignment, streaks on the folls

tion surfaces, and elongate guartz lemses, though not shown on the map; i

CORTION o
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v“ithin the Hyde Fark quadrangle linear and planar structures with
different spatdial relatlions are superispossd, heir Lime relationaships
o clearly dhown by vhelr superlmpoziuion in many cuterops, particularly
nesr the axis of the Green Foumdain anticlineriums, Hand specimens may
te found in which the axial plsne, axis, ani limbs of an earlier fold
ara clearly refolded about a fold axis nearly at right angles to the
sarlior fold axis. tThe later fold axes trend nearly northe-south, sube
parallel to the axis of the Green lountein snticlinorium. Throuygheut
rzuch of the area the two seis ¢f folds ey be distinguished by inference
from their oriemtetimn, It is convenlent, and common practice, when
numerous minor structures ars describsd to indicats the planar structures
as Oy, 9o, ‘;:‘33, eee 2nd the linear features as i,, L,, 2.3, sy numbering
then in the probable order of formstion.

In the liyde Park quadrangle the minor structures seem to have formed
in the feollowing orders

5y Bedding.

Sa Secondary bedding foliation and secondary oompositional layer-
ing, |

L 1ineations nearly at right angles to the axis of the Green

Hountain anticlinorium; inclules {old and crinkls axes; quarts
rods, elongate quarts lenses, mireral alignment, intersection
of 3, and '53 planes, strealdng on follalion surface.

Sa Schistosity and fracturs cleavage and slip cleavage which

transects the crests of Ll folds,




‘L. idneations nearly parasllsl to the sxis of tha Lreen Mountain

anticlinoriumy includes fold and crinkle axes, interssctions
of Sy, planes with :33 planes,

o A 311p cleavage, slaty cleavage, schistosity, fracture cleaw-

age (7).

L.{7) Kear vertical fold axes and intersection of 82(?) planes with
a fracture cleavage, 85(? Je

5 (1) Fracture cleavage,

S Joints,

Sy and 3 planar featurea.

vefinite badding (57) in the form of quartzite beds, calcareous
beds, and thick layers of distinetive cuamposition may be seen throughout
the liyde Park quasdrangle (¥late 10, figure 1), Thinner compositional

and textural layering can usually be attributed to & primary origin in
thls ares, liowsver, such layering has probably been accentuated during
mwx‘pbm and deformation by such processes ss iskola's “eoncretion
principle” (Iurner, 1948, p. 139). Llocel migration of material inte
layers parallel to the foliation seems to be responsible for the thin con-
formable gquartz lenticles (Flate 10, figure 2).

Throughout the ares both bedding amd compositional layering parallel
& schistosity (32) (Plate 10, fizure 1; Flate 11, figurs 2), The per-
fection of this bedding schistosity depenis both upon the grain size of
the rock and upon the proportion of granular and micaceous minerals.

Lneiss and quartzite have s poorer scristosity than schist, although
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2.

3.

b,

Se

6.

7.

Explanation to Figure 2.

“chistosity (%) parallel to qusrtzose beds (5)) and querts
sagregations (shown in black).

Polded quarizose beds and quarte segregeations; fold axes (3,1}
plunge nearly down dip., 7U% er "SPeghaped rods are formed
by shearing or stretching out of fold limus,

t linention (I,) formed by the intsrsection of quartzoss beds
and quarts segwepations with the 53 sehmmty surface,

A schistesity (53) which tranzects erests of L) folds and is
subparallel to the leng limbs, The 53 scnistosity forns tne
surface of the outerop Lecause of the ease with which the

pchistosity parts.

Open falds and =mall crinkles {Lp) which fold Yo and .’;72-3 seoistosit-
ies and L fold axes.

£ eldp cleavage (%“h} essociated «ith emsll crinkles (i,) andt
parallel to the axlal planes of the open folds (I,).

A linestion (L,) formed by the intersection of elip cleavage { )

end Schim&ity (53) .
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Figure 1. Interbedded micaceous gquartzite and schist in Corels
Hump group. The achistosity (52) i= psarallel te the bedding:

Pigure 2, Guartr segregations in quartz-ssricite-chlerite~
nagnetite~albite schiet, top of Camels Hump group, west
side of Terrill HI11 (Morristown)s
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camonly quartzite cleaves readily due to the segregation of the small
amount of micaceous minerals into thin parallel surfsces paralilel to the
bedding (Flate 13, figure 2), The schistosily (5p) is locally noarly
completsaly obscured where the 34 or Gy, planar festwres are well developed

(Plats 13, figure l; Flate 14, fisure 1),

Ll linear features,

s

The 5 and 3, folistions are folded ahout axes nearly at right angles
to the axis of the Green Mountain anticlinorium, These Ly fold axes and
linear festures parallel to them, plungs sast where the bedding foliation
(3 and 5p) dips gently east (Plate 16, fizure 1) and plunge nearly ver-
tically-~generally steeply south--whare the dip of the bedding folliation
is stesp (Plate 11, figure 1), Thersa is no consistent tovement sense,

In the central part of the area both dextral and sinistral folds, whose
axes plunge stesply both norih and south, may be obaerved in a single
outerop. .

These folds (L;), which are best shown by quartzite beds in the
schist, are very tight with long lizbs subparsllel to the foliation in
. the surrounding schist. Thick massive quartsite beds form more open
folds, whose short limbe an;d, less comnmonly, crests may be sliced up by
closely spaced, thin micaceous layers along which some displacement has
ocourred (Flate 11, figure 2; Flate 12, fiamre 2), The lirbs of folded
quartsite beds and quarts lenticles in the schist are comwonly broken—
either stretched or sheared off--so that the crests of the folds sre

pressrved as rods whose ¢ross sestion is “U* or "5" shaped (Figure 2).
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“hase rods are especially abundant ard well axposcd on the west side of
she riyde Fark quadrangle between «hiteface “ourtain and the Lamroille
~ivaps Although the Ly folds are nwaerous, t&zé trend of ths long limbsg

| of those folds correspords more closely to the trend of the formation

- vounderldes than does the overall trend of the scldstosity and composition-
al layeriung.

Frominent linesticns parsllel to the 1; fold axes are formed by the
intersection of the schistosity (:‘53) with the quartszose beda and lenticles
(85), streeks on the foliation surface (5,), and aligmment of mineral
srains, Juarts lenticles, which are thought to have formed by metamor-
phic differentiation, are alse commonly elongste parallel to the 1 fold

aXe3,

Sy plansr features.

The 53 planar feature can be identified only where it transeots
odding follation (S; amd S3) in Ly folds (Plates 11, 12, 13, and 14),
k1sewhere it parallels the bedding foliation and camnot be distinguished

rom it, Generally it is a schistosity or & slip clesvage, locally a
racture cleavage, In the crests of thick quartasite beds the S84 planar
Ptmetnn consists of parallel fracture cleavage surfaces containing
picacecus minerals criented parallel to the surface (Flate 12, figure 2),
put in adjacent micaceous beds it consists of a schiatosity, The liwbs
b quartsose beds and laminae are shesred of £ or stretched out along
)lanes which parallel the foliation surfaces; these planes commonly con-
ain schistose layers or thin layers of platy minerals oriented parallel
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to the planes (Plate 13, figure 2; Flate 14). All of these somewhat dif-
forent featurss are believed Lo be related, ths differences belny due to
aiffererces in the mschanical properties of the rocks and in the amount

of shear which had to be acconmodated,

1.2 linear features,

A1l of the earlier minor structures (31, 52, S3, L1) ars folded
about north-trending fold and crinkle axzes (1) which are subparallel
to the axis of the Creen Kountain anticlinoriwn (Flates 15 and 16, end
Fisure 2). These folds eorrespond to the larger folds of the area, in
general, the movement sense is "east side up", correspmmding to the sast
limb of the Green Mourbain anticlinorium, but this is reversed on the
west liwmbs of subsidfary anticlines, In the western and eastern part of
the Hyde Park quadrangle these minor folds and the subsidiary larger
folds sre rather open flexures, whersas in ths central part 'or the area
both the minor folds and ths larger folds are believed to be rather
tizht,

Fost of the minor drag folds in the central part of the area are
inferred from their spatial relations to be earlier folds (L;). The
later set of folds (Ly) in the central and eastern parts of the quadran-
gle is represented by fine crinkles with an zasocisted slip cleavage,
and by gontly west-dipping follation that occwrs locally on the west
limbs of larger anticlines,

"The intersecticn of slip cleavage (5),) with the earlier foliations
(3y and Sy, except in Ly fold crests, and 53) forms a prominent lineation
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parallel to the Ly fold axes,

Although only two distinct sete of folds are described here, it ia
possible that this is too simple a picture, Superimposition of the two
sets is clearly shown only in the western part of the Hyde Park quadran-
zles It 48 possible, perticularly in the cetrsl part of the quadrangle
where minor structural relations are not as clsar, that the earlisr set
of folds (Ly) was preceded by folds raving the sams orientation as the
later set of folds {L,), even though such structures have not been recog-

nized,

i planar features,

S1ip cleavage is assocfated with small crinkles (Lp) which are sub-
parallel to the axis of the Green Mountain anticlinorium (Figure 2). It
is best developed in the western and eastern parts of the Hyde Fark quad-
rangle, It generally trends nsarly north-south and dips steeply west,
p-arallal to the axial planes of the larger L, folds. The apacing of the
surfaces ranges from a frastion of a millimeter to several centimeters.
The intersection of the slip eleavage (Sh) with the 83 foliation planes
consietently parallels the axes of the associated folds and crinkles and
the apatial relations of the two planar features indicates the relative
zovement on the Sy folistion plane (Figure 2),

In the Stowe formation slaty cleavage and echistosity are transi-
tional into slip cleavage. In some ceses the crinkle, thet is coszonly
assoclated with 3lip cleavage, is absent or has been completely recrystal
lized; in others it is present, The alaty cleavage and the schistosity
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parallel the axdal planes of folds, where these way be cbserved, This
slaty cleavage amd schistosity trensects :n earlier foliation ard seccs
to parallel nesrby slip cleavags. +s indicstad on the cross ssclions
thege planar features seam to be aubparallel to the axial planes of the
larger folds, The schistosity (53) in the central part of the area
bears & similar spatial r‘_llauon to the inferred major folds, but its
relations with Ll folds and the fact tLhat it is locally transected by
slip cleavage (‘3&)’ zakes it posaible to differentiate S; and 5, planar
featurea in thls central area.

Fraet@ éltavag; was ﬁdt.od locally in cmp&ut beds, but it is
not common in the Hyde Park quadrangle., The general spatial relations
indicate that it is probably related to the other 3; plamr struetures,
but no conelwsive evidence has been found,

1oy (?) linesr features and 3¢ (?) planar features,

In the Moretown formation and locally within the upper part of the
Stowe formation, sigmoid flexures (L) and clesvage bands (S5), that re-
semble small feults, offsst the schistosity, Commonly the schistosity
‘passes unbroken through the cleavage bands, but in some an actual frac-
‘ture is present, These structures may be scen 0,60 mile §, 80° &, of
the village of lmore anmd along the shore of ireat Pord (liyde Fark),

The pattern is generally dextral, and the cleavage band commonly strikes
rorthwest ani dips vertically, These sean to have formed later than the
two sets of folds described praviocusly, but no conclusive evidence has

been found, The same general novement sense--rocks to the east moving
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south relative to those to the west--is widespread in the Fontpelier

quadrangle (Lady, 1956).

Ho systematic study of the joints was undertsken as they are younger
than the major defarmation and the metamorphism, and thus semod to offer
lit tle help in understanding the deformation, Frominent joint systems
wore noted along the erest of the Green kZountain anticlinorius snd upon
the crest of Slmore Mountain (Zlmore). The general trends of these were

vorthesast and rorthwest, dipping nearly vertically.

! b .

Albite porphyrcblasts commonly atiow an S-shaped alignaent of inclu-
sions in thin sections, which is assumed to indicate a rotation coin-
cident with growth (Mugge, 1930, p. 32). The arrangement of these lines
indicates the rotational sense., The pattern can be seen only in thin
sections oriented about mormal to the axis of rotation, which is peral-
lel to the fold axes, 7The incluaions of clinosoisite-epidote, graphite,
rutile, sericite, chlorite, ilumite, and quarts are fine grained and
show preferred planar orientation. It 1s presumed that this preferred
orimtation was originally part of the schistosity, and that the grains
vere included as the porphyroblast grew, The radius of curvature re-
flects the veloeity of shear relative to the rate of growth of the por-
phyroblast. Lack of curvature indicates growth without rotatim. Inclu-
sions aligned in a straight line at an angle to the schistosity indicate

rotation after growth had ceased,
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The inclusions indicate that a erinkled schistosity was present be-
| fore the porphyroblast formed., dSome porphyroblasts enclossd very tight
erinkles with an assoclated slip cleavage, In aome specioens bhe crine

| kles sre so tizht that they must have formed when the rock was finer
grained than &t present. Comzonly the porphyroblasts were rotated after
‘com;ahticn of growth, but indication of growth during rotatlon and of
lack of rotation have also been observed., A single thin section contains
albite porphyroblasts with the following four different paragenstic se-
quonces: 1) growth of porphyroblast, followed by rotation with growth
continuing during rotation and with no further rotation sfter cessation
of growth; 2} growth of porphyroblast, follawed by rotation without fur-
ther growth, followed by growth without further rotatiomj 3) growth of
porphyroblast followed by rotation accompmied by growth slow encugh to
exclude inclusionsj and 4) growth of porphyroblast ineluding small crin-
Llsa follossd by rotation without further growth. Such combinations sug-
Faat that no simple picture of the movement involved can be formed, al-
though no systematic investigation of the zovemmt eense was undertaken.

Fabrig,
Certain features of the fabric of these rocks support the ldea of

'post-tectonic recrystallization® after gliding, fracture, and grain ro-
ation has ccased, Undeformed tabular porghyroblasts of chloritoid are
Iriented at a large angle to the achistosity, and garnet and kyanite por-

yroblasts contain very few fractures, Inclusions im garnet indicate
&l no rotation cccurred, and kysnite blades do not have a preferred
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crientation. . vidence of rotatsd aluvite porphyroblasts ras been cited
- praviously.

A mosaic patters characterizes the fabric of qusrtzites and of
cuartz-rich layers in schist, It coansists of ilntersections of grain
| boundary at about 120 dogrees between three grains, 4“ide variatior; in
grain size, varisble extinction, and evidence of cataclastic structure
ars rare in quartz, and twlnning lsminae are rars in carhonate and al-
bite grains. It is believed thst these features were destroyed by
znnealing or recrystallization which continued beyond deformation,
fetrograde bextures are abundant in the garnet and kysnite zones in
the Stowe formation, Garnet is altered to pseudomorphic aggregates of
fine-gralned chlorite and magnetite with relics of gernet; kyanite is
thered to pseudomorphic aggregates of fims-grained muscovite and cosrse

plates of muscovite,

relation of minor structural features to major structural features
All the minor structural features are compatible in a general way
yith the major structures in the Hyde Park quadrangle. liowsver, shile
hs zecond stags folds (L,) and slip cleavage (s&) aided the synthesis
)£ the major structures, the esrlier folds (Ll) di4 not prove useful in
his synthesis. In much of the area the second stage folds (Ly) are un-

mmon, and the cbserved folds and foliations seem to bear little direct
lation to the major structures., This difficulty is {llustrated dia-
rammatically on the cross sections (Plate 1),

The easterly dip of the bedding achistosity increases easterly from
ho axis of the Gresn iountain anticlinoriusm to the exposures of the




P Uttauquechee formation in the Foot Brook syncline, In this area broad
rolls, crinkles, and slip cleavage, with nearly horizontal lineer slements
; closely parallel to the axis of the Ureen Fountain anticlinorium, indi-

- cate that younger beds are to the sast-—-drag sense is east side up rela-

tive to west side, The early atage of defarmation is repressnted by
quartz rods and sparse tightly folded quartzite beds with axes sub;er-
pandicular to the axis of the Green lountain anticlinoriums The relation-
ship of various minor structures near the axis of the Green Fountailn anti-
clinorium are a};nm in Flgure 2,

The prominont minor structural feature in the Stowe formation ex-
posed in the oot Srook syneline 1s & slip clegvags and alaty cleavage
(Flate 1, section A-A'), The bedding schistosity commonly trends north-
sast, to east; the fold axes commonly plunge stesply south., However, the
syncline, as interpreted from the map pattern, wust be rather shallow
#ith a nearly horizontal axis, The attitules of quartsite beds and of
the tramolitic amphibolite unit indicates that the east lisb of the syn~

" cline is overturned to the west. KHinor structures in the Camels Hump

-

group south of the Lamoille River give little indication of the southward
uxtension of the axis of the Foot Brook syncline,

Similarly, the axis of the anticlinorium between the Foot Brook syn-
¢line and the Ottauquechese formation in the eastern homoclinesl sequence
could not be located, Folded quartsite beds are abundant in the Camels
fump group in this central area, but second atage minor features are un-
common, The long limbs of folds and a transverse schistosity commonly
trend northerly and dip steeply east., The bedding tremd ranges widely,
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but the fold axea generally plunge steeply south, In the narrow guartsz-
gericite~chlorite~mugnatite schiist band at the top of the Camels Hump
sroup the long linbs of folds and the transvcfm schistosity are mors
nearly parallel to the trend of the band than the bedding trend,

As shown in section A-A' s steep schistosity is the dominant minor
structure in the Uttaujuechee and 3towe formsztions on tho east side of
the quadrangle, In some parts of the Stowe formation (Upper Diggings)
this approaciss a slaty cleavege, which perallels a slip cleavage (3,)
and associated gently plunging erinkles (Lp). Southeast and esst of
Garfield (liyde Park) major fold axes were located by the relation of
these structures to the earlisr schistosity., In ths Ottaugueches and in
part of the Stowe formation the stesp schistosity, a 83 plamar structure,
is bellieved to bs earlier than the slip cleavage. Throughout the Stowe
formation the attitudes of the greenstones and amphibelites conformed to
the major structures, Such attitudes were particularly useful in the
vicdinity of Elmore Mountain (Elmore) whore the schist of the kyanite zone
is intensely deformed (Plate 1, section B-3'),

Orizin of minor structures
Several explanations seem possible at first far the cecwrence, ons
upon the other, of two sets of folda with the moverent sense at large
engles to each other, The later sst of folds, parallel to the axis of
the Green Hountain anticlinorium, is clesrly related to the folding of
the Green hountain sntielinorium, One might try to explain the folds
subparpendicular %o the axis of the Green Nountain anticlinorium by
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sither the action of a major horizontal shesring couple younger than the
rorth-south axis or by earlier folding about east-trending axes that wore
later folded with the anticlinorium, the t‘ifst axplanation would require
a rore consistent pattern of shesr sense 2nd & more consisteat orientaw~
tion of the fold axes than is shown in this area, snd also that the strata
wers nearly vertical befere rotation in the horizwatal plane took plase,
It would ot explain the gently east plunging fold axes 't‘ound.mar the
crqat of the anticlinorium, The secord explanation would require com-
pression 3t right angles to that respmsible for the Green Kountain ant.i-{
clinoriun, !oreover, folding which could produce the numerous tight
rmiror folds of the earlier sst seen in this quadrangle might be expected
to affect markedly the pattern of the map, producing wide departures from
the rather simple northerly trend of the formations., The earlier folds
were not formed penecontemporaneous with sedimentation inssmuch as quarts
lanses of mtamrphig origin are similarly folded,

In some areas minor folds are found in thrust fault zones with axes
parsllel to the thrust movement, These are believed to be formed by dif-
ferentisl and diverging movemsnts of individual rock masses within the
fault sone (Balk, 1936, p. 738~739; Fairbairn, 1949, p. 222), Balk
(1952, ps 418) indicates that folds parallel to the direction of move~
ment associated with thrusts are small "with weve langth measured in
inches rather than in feet® and that most of them are nearly lsoclinal,
As a result of detalled structural studies relating the minor structures
to thrust blocks in the Bergsdalen quadrangle Xvale (1947, p. 205) con~
cluded: Yin metamorphic rocks the lineation which represents the direc-
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tion of least resistance may under certein econditins be formed at any
snzle with the principle directlion of roverent of the rocks."

Lengtuening perpendiculsr to the major écm;;rcssiw force may produce
plunging folds, salients, or recesses, The devdlopment of such featurss
is accompenied by cozponents of extension parallel to the major fold axes
in a given rock layer (Gillings, 1942, p. 234-239; Cloos, 1946, p. 26-29),
This component of exteaslon may cause folds or crinkles at a large angle
to the major fold axes--and subparallel to the direction of movement,
These folds may forx by the actual buckling of a rock layer with greater
competency than the surraunding rock (Kuenen, 1938; Godfrey, 1954) or by
the drag produced by differentiel sxtension in adjacent rock layers.
Cloos (1946, p. 27) indicates that this proceas should be particularly
sffective in incompstent rocks and that the folds produced should be of
a small order of magnitude in comparlson with folds resulting from the
major flowage direction.

Irregularitiss in the "basement rocks® or the presence of intrusive
rock masses might also be respaisible for deviations fros the major {lovw-
age direction on the 1isb of & fold or mijht cause shortening or exten-
sion perpandicular to the major compressive fbrces,

Brace (1953, pe. 68-72) has described folds similar to those in the
riyde Park quadrangle parallel to a strong streaming and to cobble elonga-
tion and subperpendicular to major fold axes on the east flank of the
Ureen Hountain snticlinorium in the .utland quadrangle, Vermeont, He con-
sidered that they developed subperpendicular to the major fold axes dur-

ing the formation of the Creen iountain antlclinorium, Y“ahereas the dom~
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jinant movement during the deformstion was in an east-west direction ...
registant maoses in the basenent interferred «ith s unifury tovezent of
layored unita weatward up thie eastarn limb of the anticlinoriws” (Grace,
19535 pe 69)e

¥o thrust faults were found within the iyde Park quadrangle, and it
is not belleved that all the characteristics of the firat stage winor
structures could ba produced by thrust faults., It is believed that when
the Green Yountsin anticlinorium flrst began to form that flexural slip
occurred along the stratification (3y) ceusing the seccndary bedding foli-
ction (S3) to form. Plunging folds and recesses developed (see Flate 4,
indicative of extension rarallel to the fold axes, and minor folis form-
8., nearly at right arngles to the axis of the Green Mountaln anticlinori-
ume Further flexural slip was sccommodated by slip along the bedding
foliation (5,), by rotation of the folds (1), and finally by shearing
or stretching off of the folds on their short limbs and fold ecrests.
The planes along which flaxural slip occurred in this stage of the de-
formation were generally parallel to the bedding but locally transected
the bedding. The actual folds (L;) were formed by extension nsarly paral-
lel to the axis of the Green Mountain anticlinorium, but they are rotated
and tightenod and the transverse achistosity (33) was formed by relative
moverent, betwsen the laysrs nearly at right angles to the axis of the
~reen Fountsin anticlinorium,

Further flexural slip caused crinkles and folds (Ly) to form sub-
rarallel to the axis of the Green fountain anticlinorium, and eventually

caused the slip cleavage, slaty foliation, and schistosity (Sh> to forme

Th



The latest folds (LB?) and the ralated fracture clesvage (355?) are probe
sbly not direectly related to the formation of the Green hountein anti-

clinorium,
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Genaral statement
&1l of the rocks of the iyde FYark gquadrangle, except the post-umsta-

xorphie dikes have been affected by regimsal metasorphism, Uifferent ase—
semblages of minerals are stable in rocks of 2 given chemical composition
under different conditions of metamorphism, In this area chlorits, alman-
dite, and kymite are successive gmersl indicators of increasing weta~
morphic grade in the arglllaceous and arenaceous rocks, Chlorite, actin-
olite, and hornblende are similar indicators in the zafic¢ rocks, The
mineral assemblages roted in the rocks of the Hyde Park quadrangle will
be described in detail and will be used to determine the succesgive min-
eral transformations which occurred durirg the mstazorphimn,

Estimated modes of typical rock types are tabulated with the de-
scriptions of the individual stratigraphic units, -uvarts, “sericite”
(both muscovite and parsgonite), chlorite, and albite are by far the
dominant minerals in all the metasedimentary formations, and there is s
wide range in their relative proportions. Quartz ranges frem O to 97
percent, "gericite" from 2 to 70 percent, chlorite from 0 to 40 percent,
and albite from O to 4O percent., iven within a single formation the
range in the dominant constituents is very great, Almandite, kyanite,
grephite, calcite, ankerite, bictite, and magnetite each constitute aa
much as 5 percent of some rocks. kinor minerals include tourmaline,
apatite, pyrite, limonite, rutile, ilmanite, sphene, allanite, zircon,
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and clinoszoisite-spidote,

411 of vhe minerals occur in habits charactaristic of their occur-
rence in low-grade and middle-grade schiats md no detalled discussion of
individual habit is necessary. In general the grain size of the major
constituents incrsases with the prade of retamorphism,

Graphite, limonite, and pyrite commonly ocour together, producing
the characteristic dark-colored, rusty-weathering outcrops of the graph-
itic rocks, Jacobs (1938, p. 52) reports 1,09 weight percent of carbon
in a grapnitic schist from Hyde Park town, inalysss of carbonacecus
shales show a sulfide content appreciably higher than that of noncarbo-
naceous shales, The sulfide content, the carbon conbtent, snd the ferrous
nature of the iron all probably are primarily due to strongly reducing
conrditions at the time of dopnﬂtina. Those rocks in which magnetite
is aburdant bhave a shiny, silvery-green weatherod surface, Magnetite is
not found ln the graphitic schists, probably due primarily to the low
ferric iron content of carbonacecus sediments and possibly due in part
to reduction of ferrie iron by carbon during metamorphism,

Ferric minerals 4+ C —7 Ferrous minerals + €0, T
MHoreover the chlorite in ths graphitic rocks commonly contains less
ferrous iron than magnesium, as irdicated by a positive optic sign, a
negative sign of elongation, and low index of refraction (see Figure L),
Inasmuch as analyses indicate comparable total iron contents in both car-
bonaceous and noncarbonacecus shales, it seems likely that the low iren

content of the chlorites in the absence of magnetite or biotite is related

to the high pyrite content of the graphitic rocks,
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The graphitic rocks commonly contain sphene, while nonegrachitic
rocks commonly contain ilwenite or rutile, ihe cther asinor minerals
are present in both graphitic ani ncn-grapﬁiti§ rocks; tourmaline, apa-
tite, and clinogoisite~eplicte bedng present in nearly every thin sec-
tion.
Small cuhedral crystals of almandite garnet enclosed in large por-
phyroblasts of albite have been noted in the coarse-grained schist of
- the Camels Hump group in the western psrt of the Hyde Park quadrangle,
The various assemblages which have been noted in thin sections are
tebulated in Table 11, Ir, Hans Eugster of the Geophysieal Laboratory,
Carnegle Institution of Washingtan, kimdly identified xany spmcimens of
"sericits® by use of the X-ray spectrometer, OCther specimens were iden-
tified by the author, Both muscovite and paragonite have be;az identi-
fied, but no pyrophyllite was found., In sorme spscimens as much as 55
percent of the "gericite” is paragonite,
The iron and magnesium content of the chlorite has bean interpolated
Irom the optic indices, «inchell (1951, p. 385) and Hey (1954) have pub-
lished graphs for this purpose, but 1t was felt that it would be better
to use & chart specifically constructed for dstermining the FeOtFel * kg0
ratio of chlorite from low-grade and middle~grade zetamorphice rocks.
Although the eptic indieess of chlorite depend most atrongly upon the
F cUsFe0 * }gC ratioy they are alsc affected by the comt ent of Al, Fe''!,
Fi, mn, Cr, etc, It seems probable that the variastion of these compon=
pris is more restricted in chlorites of lowegrade and middle~grade mota-
Forpm.c rocks than in chlorites as a whols, Thus, & diagram relating the
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Feu:Fed ¢ Xpgl ratio and the optiec indicss for thess particular vools
should be wore accurate than one prepared for chlorites in genersl,
The ldeal structursl formula for pioninite indicated by rfauling

(1930, p. 578) iss

(oo " (ang] | (ro,uf0a™ss, ™o, (o, |

3 :w
However, most natursl chlorites have an excess of alumine over thie for-
mula and contain some ferric iron. LExcess aluminas over the Psuling for-
zuls may be divided equally betwesen the six~fold coordination and the
four-fold coordination positions in the following fashions

[(repe)ft a1%(a) | [(ro,e)iTy a3, (afy sad¥, 0 0ca, |
. Ferric irom in six-fold coordination may be ampmatui by aluxina en-
tering four-fold coordination in place of silicon, or may result from
axidation of ferrous iron ard loss of water («inchell, 1926; iey, 1954}
About 55 chlorite anslyses, from published and unpublished sources
and accompenisd by optical data, were recaloulated assuming that i plus
| 4 (Pa?'t * 4A1900) m 4 (mole proportions). It was found that § (Fe'tt &
Alt11), the mumber of tetrahedral positions filled by aluminum, ranged
from 0,76 to 1.99, the modisn being about 1,40, GChlorites from argil-
lacecus schists and greenstonss (Table 10, #1-12) have & (Fe'tt * A1'1?)
ranging from 1327 to 1.63; the lower range coming from greenstones and
the Higher range from argillaceous schists, The bonds in the chlorite
structure would be best satisfied by a 3 (Fe''' * A1''') valus of about
1.33 (J. B, Thompsn, written comaunicaticn), Most values sbove that

figure are from analyses of chlorites separated from argillaceous
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schists, It is possible that imperfect separaticn of muscovite may be
respnsible {o some of thess highor values, [his apparent rapge would
be reduced if part of the ferric irom iz dus Lo the oxldation ¢f farrous
iron. Uther chlorites (Table 10, 13«42) were chosen for 2 low ferric
ireon content (less than 3.5 weight percent) and 2 limited range of values

of § (Fe''* * A1'11), For each of these

5| AL +F , __Fe0 & wn0
KIZ??L"E e,0,% 510, FeO % ¥ * g0 * Cab

FeG * 2(¥ ng )* in mole proportions were plotted
FQG * 2(Fej0q) * k0 ¢ ch' + Ca0

against the Y index of refraction, The factor of four has been sdded so
that the ratico gives the muber of A1''! atoms in four~fold coordination;
the value ¢an then be substituted directly into the chlorite formla,

Zxamination of Figure 3 indicates that the iron content is chiefly
rospmubla. for an increase in the optic imdices and that the deviation
from a straight line is little greater than the arror in the determine~
tion of the optic indices. The effect of a variation in aluming and
ferric iron within the range considered is apparently less than the varj-
ation due to the combined amalytical and index determimation error.
Yoder's (1952, p. 576) synthetic pure magnesium chlorite has a Y index
of 1,580, lying upon the curve,

The optic sign changes and the birefringencs passes through zere at
a ¥ index :of about 1,627. On either side of the sign-changs abnormal
mtex‘tMO colers are visible, The low index side (i.,e,, magnesium=
rich) has a positive sign, & regative aign of elongatiom, and abnormal
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brown interference color, the hirsfringsice incrsasing with incresaing
magnesium content, 7The high indux side of the sirzn changs (i,2., irone
rich) has a negative vign, & positivs sign of elongation, znd abnormal
viclet interforence color, the birefringence increasing with incrsasing
iron contemt, This point correspmds very clesely to the similar point
on Winchelll's chart (1951, p, 385}, but not to Hey's chart (1954, p.
284). A similar sign change has bees noted at a Y index of 1.57% in
Bchlorite® from an ultramafie body in lowell, Vermont, However, these
have not bsen positively shown to be true n.i chlorits,

In. a few thin sectians chlorite grains associated with limonite
show peripheral alteration to a yellow-brown, more highly birefringent
xineral, bearing a resesblance to stilpnomelane, X-rsy investigstion
failed to show the presence of stilpnomelane and it was concluded that
ithe slteration is the resull of widation of ferrous iron in the chiorite,
probably during weathering,

The content of iron and magnesium in blotite has been estimated
from refractive indices using the chart of Winchell (1951, p. 374).

Very few analyses of biotite from low-grade or middle-grade schists are
available and the following formula suggested by J. B, Thompson has been
used as representing tha sost likely alumina content of the biotite,

K(Fe,Hg)3", /5 (A1 # For' )0y (MY gy saY, /o 0y0)(cH),

The variastion in the iron and magnesium cont ent of chloriteid is
apparently small; seven specimens had 2 T indexdf1l.720, two had a Y in-
dex of 1.719, and one had a ¥ index of 1,718, A typical specimen had



|

|
Tim following optieal chapracteristics:

ehioritoid (44=2726) (¥) 2¢ = 659  GUl lamsllar tuwinning
[ pA==l.17
. mI==1,720

Ble=1, 77

Analyses of chloritoid from other localit les suggest that the imices
rsiicate a ratio of iron to iron plus magnesium plus manganese between

WSO apd 490,

| The schists in the kysnite and garnet sones show retrograde altera~

Eon. Kyanite, zarnet, and hlotite are partially or completely altered
Ho suscovite, chlorite, chloritoid, and maznetile. In 2 few thin sections
oL\ly & peripheral alteration of kyaiite and garnet grains was noted, FKore
cfbmonly, 8 fine-grained aggregate of zuscovite with coarser plates of
aklcritaid encloses irregular relict grains of kyanite, which are in par-
abld optical orientation, The chloritoid plates are commonly oriented

':{n rosettes, 35ix specimens of altered kyanite proved to contain muscovite
wfii.th no paragonite or pyrophyllite, Fine-zrained aggregates of chlorite,
ci:macnly with saricite, magnetite, and rutils, enclose garnet relics,
ikregular relict grains, which are in parallel optical orientstion, of
c;barsu miscovite in a fine-grained aggregate of sericite ware alse noted.
I}x other thin sections the fine~grained aggregates are present in a2 rock
c;nnaining coarse-grained muscovite and quartz, but no relict grains of
K"Lyanita or garnet have been preserved,

o pseudesorphs or rediet grains of staurclite or of sillimenite

hikve been noted, but several thin sections contain irregular piates of



‘piotite partially elbtered to chlorite, or sggregates of chlerite poseibly
pssudomorphic after biotite, Some chloritoid is clearly an alteration
;product, but it appears to be part of the original assemblage in other

i;s‘pec:j.mn'm.

Zones of progressive regional metamorphism

In 1893 Barrow, working on the lalradian schiats of 3cotland, map~
§md Z0nes ef. progressive regional setamorphism, Thess zones wesre based
cn mineralogical transformstions in derivatives of argillacecus sediments
kand were correlated in a general way with increasing temperature ard
"pressura. Each zone of progressive metaworphiss was defined by an index
!}zinoral, the first appesrance of which (in psssing from low to higher
};radoa) marks the outer 1limit of the particular zone. The trace of this
;urraco on the earth's surface was termed an isograd (line of squal meta-
tkorphic grade) by Tilley (1925) and was interpreted by both Tilley (1925)
%nd Harker (1932, p. 186) as being also an isotherm. 5ince the occur-
:rmco of a mineral depends in part on compositim, it was recopgrized sar-
(;y that rocks of compsrable cheuical composition must be selected for
i{oml mapping in terms of index minerals, In many areas pelitic rocks
lewe been chosen becauae of their widespread occurrence and because of
f?'zo numerous mineral changes which take place in them with increasing
m;btamorphic grade, The zmnal sequence: chlarite, bictite, slmandite,
s;!;aumlita, kymnite, and sillimanite (in order of increasing metamorphic
3‘rade)- is typical of many areas,

i
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In the Hyie Park quadrangle Hhe slmandite snd kysnite isograds have
bsen mappad on the basis of the {irst appesrance--~that is, the garnet
isograd surrourds all occurremces of garnst in arglllzceous schist, .wgt.
The garnet and kyanite mnes are confined to the scutheast cormer of the
area, lying entirely within the Stowe formatiem,

In the Xt, Mansfield guadrangle along the crest of the Green loun-
tain anticlinorium and juat west of the edge of the Hyde Fark quadrangle
garnets verc slso cbserved, Furthermore, six thin sections from the
coarse-grained schist and gnelss of the Camels Hump group, lying on the
west side of the ares, contained small euhedral porphyroblasts of garnet
within larger albite porphyroblasts, iany albite porphyrcblasts were
rotated and the texture of the rock modified after the porphyrcblasts
ceased thelr growth (page 68), It is believed that the suall garnets
are a reliet feature, all garnsts not protected by albite having been al-
tered to chlorite, This implies that the garnet zone originally covered
vmmh more of the quadrangle than shown on the map, ani that the retro-
grade slteration has destroyed nearly all evidence of its existence,

A biotite isograd heas not been mapped within this area, The pauecity
of biotite and the abwlance of thloritoid in this ares prompted the
author (Albes, 1952) to calailats mumerous analyses of argillacecous-
arensceous sediments to determine what minerzls would be present if the
sedimeat were metamorphossd, It was found that the range of chemical
gcomposi.tion is such that many argillaceous sediments would not contain
‘biot:lte until the garnet, kysnite, or sven the silliranite zone of meta-

morphism. It was slso found that many of the argillaceous rocks that do
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not contain biotite should contain echlovitoid., The presence of chlori-
void has cormonly been ascribed to sbinormal wnditions, generally "spee
cial pressure eonditions" (eg, Darth, 1952, p. 336). However, investi-
gation of the chemical composition has made it clear that the presence
of chloritoid and the abaserse of bigtite in argillacecus rock of low
grade arezs such as the Hyde Fark quadrangle is not abnormal; it is due
to a composition different, but not anomslously different, from Lhat
preasnt in sreas in which the blotite zone is well defined,

Betrolozy of the micaceous schists of the liyde Park quadrangle
Introdyction.

The retrograde alteration of the rocks of the garnet and kyanite
sones has made it impossible to determine the exact sequence of mineral
transformations in this ares, The sequence presented here is based in
part upon investigatioms in the Linocoln Mountain and Hontpelier quade
rangles and upon general knowledge of lowegrade and middle-grade minsral

,aasmblagga. The mineral assexblages noted in the chlorite, garnet, and
kyardi te ztmes are presented in Table 11,

It is convenient to show the observed zmineral sssemblages diagrame
matically. Niggli (1954, p. 391-403) and Thompson (unpublished lecture
notes) bam; discussed approximations in accordance with the pbase rule
vhiich permit 2 reduction in the nuzber of components wilch must be showm
graphieally., Juch diagrams “fscilitate the obtaining of a first coupre-
‘hensive view," "aids the discussion of the possible relationships of the

phases among thezmselves,” "are a useful aid to visualizstion,® "help in
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Sa0bs 1. sinersl assentleges of odeaceous sehist ln the Lyde rark

55 3
nusdranzle,

Suarts apd muscovite are pressut as additional pheses in all assem~
sleges. Apatite, tourmaline, sirvon, celisits or climwzolsite-epidots,
sphene, or rutils or ilmenite, and pyrite may be present in all assom~
blages, Armouresd grains of two or more titanium minerals are cowmon,

albite~graphite
chlorite-mgrstitoenlbite~parazonite
ehlorito-sagnetite-paragonite
ehlerite-aaznetit ewalbite (garnet snclosed in aldite)
chlorite-cagnetite
chlarite-albite-graphite (garnet in albite)
chlorite-parsgonite
biotite-chlorite-magnetivo-alhite
biotite~chlorite~alnit o~zraphite
chloritoid-ehlorite-magnetite
chloritoid-chlorite-mmgnedite-paragonite
chloritold-chlorite

Carpek gepg (pertially ntmﬁmu to ¢hlarite sone assenblages)

chlorite-uagnetite-albite

chlorite-magnetite-albite with relics or psoudosorphs of garnet
chlorite-zagnetite-parsgonites with relics or psevdcmorphs of garnet
ehloritoid-chlorite-magnetivo=paragonite
chloritoid-chlorite-mugnetite with relics or pseudomorphs of garnet
chloritold-chlorite-paragonite

chloritoid-magnetiteeparagonite

chleriteideparagonitve

chloriteid

biotite~chlorite-magnetite with relics or pseudozerphs of garnst

ivanite spne (pertially retrograded to chlorite sons sssexblages)

chlorite-magnetile with relics or pseudosorphs of garmet and kyanite
chlorite with reliss or pseudomorphs of garnet amd kysnite
chlorite with reliecs or psoudomcrphs of garnmet, kyanite, snd bictite(?)
chloritoidechlorite-pagnetite
ehﬁi%ﬁwhlnritwﬂtc with relics or pseudomorphs of garnet
kysnite
ehloritoidechlorite with relics or pseudomorphs of garnet and kyanite
chloritoid=chlorite with relies or pseudomorphs of garnet, kyamite,
and biotive{?)
biotite-chlorite-magnetite with relics of garnst

3G



TABLE 12, Optical data on chlorite, biotite, and chloritold

Specimen whlorite Blotite
Yumber nt ¥ 007 Feibe * Mo nf & 07 Fesig * kg
Biotite-chlorite-zagnetite-albite
AA-BL5 1.631 53% 1.657 TO%
" AA-1028 1.651 53% 1,652 65%
A4=1031b 1.643 6Tk ndt
2 Bilotite~chlorite~albite
3 AA-TLL 1.625 L83 1,640 50%
© 101 1,618 L0k ndt
s ]
g Chloritoid-chlorite~magnetite
>
Ghloriwmwchloritmgnetits-paragonﬂc
tharitoid—chlorit.e
cmrmuwimtmgmme-momu
hh=535a 1,626 L8t rdt
Chloritoid-chlorite-magnetite with relics or pseudomorphs of garnst
® Chloritoid-chlorite-paragonite
] AA=2728 1.635 - 58% ndt
£ Chloritold-magnetite-paragonite
> AA~82 1,720
S |
Chloritoid-paragonite
M-Z’lﬁb 1,720
Biotito—chleritmwtitc with relices or pseudomorphs of garast
AL~239 1,629 52%
Chloritoid-chlorite-magnetite
Ad=22 1,621 43% 1.719
Chloritoid-chlorite-magnetite with relics or pseudomorphe of garnet
2 AL-10b 1,625 LB8% 1.720 and kyanite
®
S Chloritoid-chlorite with relics or pseudomorphs of garnet and kysnite
E Adm20 1,618 37 1.720
. ,:'
' Biotite-chlorite-magnetits with reiics of gamﬁ_____mn_________
Ad=T5 1.623 bL55 A
AA=110b 1,625 485 1.61;3 554

Ve X



correctly formlating the problems ercountered,” and "fulfill the impore
sant funetion of disecouraging the puraly epsculstive approach and curbing
flights of famey® (Higgli, 1954, p. 403J.

{he argillacecus schists cantain phases which to a first approxima=
tion lie in the system 3102-41203-1-‘004@0-520-&20. wuartz-vearing assem~
blages in this system may be shorn graphieally in a tetrahedron with the
aptees (4l03-K 0), 2K,0, 1/3Fe0, and 1/3 1g0, With the further restrice
tion that muscovite be present the assemblages may be projected onto a
plane; graphically a projection through muscovite to the plane between
the (‘11203 - K0) apex and tdotite (see Figure 5a). In such a projection
the composition of tho phases may be located as shown on Figure 5b,

In accordance with the phase rule the three phase aesenblsges in the
above diagram may contain one additional phase for each of several other
components such as Nag0, Cal, Fey0q, and Ti0,, Two phase assecblages on
the diagram may contain two additional phases for one of these other come
ranents, Such phases in observed assemblages may be moted on the diagram,

The diagrams shown on Figure 6 show the mineral assemblsges found at
successively higher metamorphic grades. These are based upon the observed
assemblages given in Table 11, the interpretation of the reirograde tex-
tures, and upon assemblages found in nearby areas. Assemblages that were
actually observed in the Hyde Fark quadrangle are comnected by solid lines
amd the FetFeftg ratios of biotite and chlorite that were determined op-
tically are shown with s0lid circles,
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Explanation to Figures 5 and 6.

The constructdon and the corners of the triengular dlagrame in Fijure
6 are ghown in Figure 5. Fach diasgram represents the mineral
sepexblages stable with quartz and muscovite over a limited
range of ¥, T, andu 150" Parsgonite is prosent with asszembloges
sbove and albite vith assenblages below the heavy dashed line
in FPigures 6b and Ge,

¥ineral asssemblages actuslly observed in the Hyde Perk gquadrangle ave
shovn with solid lines, For these assemblages solid circles

indicate optical determinstion of FesFesig for biotite and
chlorite, Hollow circles indicate a variable Pestig ratio.

Abtbreviations used on the disgrame;

41b albite

Alm eimandite
Blo biatite

thl ehlorite

ctd chloritoid
Kao kaolinite
Kap potassium feldepar
Kyt kyanite

¥use nuscovite
Par paragonite
Py ~ pyrophyllite

§&-H



Figure 5

Al - K
203 20

s POINT WITHIN TETRAHEDRON
X PROJECTION ON PLANE OF POINT

(o)

Location in the tetrahedron of the projection plane used to
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Figure 6.

The assemblage chlorite-muscovite-~gquartz is very comuon throughout
the center of the liyde Park guadrangle. it x:-;ay in part in this ares be ’
an assexblage of the chlorite sone prior t¢ the appearance of chloriteid
or bioctite, although the assemblage does persist into higher metamorphic
grades,

It sesms likely that chlorite is cne of the firat stable minerals
to appear in argillacedus-arenacecis sediments in the lowest grades of
metamorphism (diagenesis). The variation in the alumimm content and
Fe1Kg ratio of chlorite (see page 79) and in the K:Al ratio of Moviu
(Yoder and Eugster, 1955, p. 257) is great emough that the muacovite-
chlorite fiald on Figure 6a includes the composition of the most common
shales, In addition, if oxygen is "modile” (Thospsom, 1955, p. 81), the
chlorite-muscovito=quartz-magnetite field would be considerably larger
than the chlorite-muscovite-quarts fisld, Racks with compositions below
the muscovito~-ghlorite join commonly contain grains of potassium feldspar
which are spparently of detrital origin. It might bo assumed that such
rocks retain the digsequilibrium assemblages of the sedirment, but Chayes
(1955, p. €0) has cited evidence for a atable potassium feldspar-chlorite-
muscovite-quarts assemblage. Rocks with compositions above the muscovite-
chlorite join may comtain kaolinite, alumimumemontmorillonite, or pyro-
phyllite, ut Z-ray work oun ssmples from the Hyde Fark quadrangle and
from northwest Xaine have not yet confirmed thia,



!,

Fizure 6b.

Although biotite is uncommon both chloritoid-chlorite-muscovite-
guarts and blotite~chlorite-muscovite-quarts assemblages are present in
the Eyde Park quadrangle, Chlorite is higher in magnesium than ita co-
existing chloritold or bictite and the trends of the tie lines in the two
Ehau fields are indicated on the diagram, Thers is no svidence as to
Nhether totite or chloritoid formed earlier, A careful search of the
Literature snd of specimens in the Harvard collections disclosed only
#our occurrenses of chloritoid and bictite together; morecver, seversl
$f these may be disequilibrium assexblages, This suggests that the
$hlori todd-tlotitemchlorite-field shown on Figure 6b is very amall, and
«}b be found only in rocks with an unmsually high FeOslgO + Fel ratio,
fft. is also poasidle that the chlarite field cuts it out until Just prior
-l'h: the formation of garnet, As indicated on the diagram both paragonite
oind alxite are fount with the chlorite-mmcovite-quarts assenblage; but
albite 4s rot fount with chloritoid and paragonite is mot found with
liioutt in this ares. However, the assexblage chloritoid-idotite~chlorite-
ap.bitmeouto-qurzs bas been reported elsewiwre (Cloos and Hietanen,
941, p. 101-146). The assemblage chloriteid-pyrophyllite-chlorite-ms-
covite-quarts s uncommon in bedded rocks, snd it 1s beleved that ksolin-
;;&o rather than pyrophyllite probably persists into this grade of meta-

-



ciure be,

Tnis diagram is marked by the appearancs of almandite garnets Iin the
garnst zone in the southeastern part of the area garnet-chioritoldechlo-
rito—qu&rts;;g;: e;.e have been the stable assexblage at the peak of the
metamorpnism before the retrograde alteration, The same assexblage is
‘cozmon in the Lincoln Mountain ares to the south, Also in the same area
garnot-chlorite~biotit e~zuscovite-~quartz is an assemblage comumon in
stratigrephic undts which contain dilorite-elbite-muscovite-quartz or
chlorite=bictite-albite~muscovite-quarts in the Eyde Park quadrangle.
One spacimen of the latter assemblage did contain small garnet porphyro-
blasts onclosed in the albite graine; probably as armoured relics (rage
&),
| If the biotite~chloritoid-chlorite fisld is present the transition
fras Figare &b to Figure 6o is:
 3(a1,5005)(Pe(0M),  # 1 [K(Pe,Hg);(A238500000H), | + 3380,

chloritoid biotite quarts

2 [Fegary(810,)3] ¢ 1 [Kady(Arssg0 i), 1 ¢ g0
| almandite muscovite
o this transition the field chloritoid-almadite-blotite-muscovite-quarts
w;oum jrobably appear briefly on the expreme iron-rich aside of the die~
grem,
. %hen the field chloriteid-chlorite-biotite~muscovite-quarts does net

ouppear a nearly isochamical transition of iron-rich chlorits to almandite
i’» indicated by the common compositiens, as compared to the idesl formulas,
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of chlorite and biotite, Cosmonly the aluminum content of chlorite is
bizh enough that the followlng transition cam occur nearly isochasically
with very little ndotite belng fermed, .
4 D ' + + =
7 [(Poie) s a1, 51,0, )60 ] ¢ afrad,(ats o0, )i+ 12 sao,

chlorite mascovite quarte
10 [Fcaxlz(sio‘)gl +1 [K(?e,l&g)zaa A1, (AL, '/?*z’—f’lo)(‘m)z] + 2HY
almandite biotite

Firyrs 6d.
‘The next transition would probsbly be the appearance of kyanite,

The fislds would probably remain similar to Figure 6c, except that kyanite
would appear in place of kaolinite or pyrophyllite, These transitions
would be:
1 pyrophyllite —> 1 kysnite ¢ 3 quarts * 1 H0 .
or

1 ksolinite —> 1 kyanite * 1l quarta * 2 Hgl

The size of the kymnite-chlorito id-chlorite tield would probably not
change %00 much from that of the kaolinite (or pyrophyllite)-chloritoide
chlorite field, Neither kaolinitevor pyrophyllite were found in the X-ray
work. Thus, it 1s believed that the kyanite sors as mapped in the Hyde
Fark quadrangle is represented by the next diagram and that this first
appearance of kyanite would b%e rare or absent,



This stage is marked by the presence of kyanite and garnst as com-
petible phases and the lncompatibdlity of wloritoid enmd ¢hlorite. ihe
transition from Figure 6d to Figure ée is: |
4 chloritodd * 1 chlorite * 4 quarts —7 2 kyanite * 3 almandite * 7 Hyl
Interprotation of the retrograde textures suggests thet kyanite-garnete
chlorite-muscovite-quaris was a common essearnblage before the retrograde
alteration, There is no suggestion in the textures that staurclite was
aver present,.

Heither paragonite nor albite ware observed in the rocks of the
kyanite sons suggesting both thet the sodium content of these rocks is '
low and that it is contained in solid selution in museovite rather than
bringing about a distinet phase, MNuscovite is inown to carry as much a:
30 percent paragenite in solid solution in association with paragonite
in high-grade rocks (Zem, 1955, p. 49; Eugster snd Yoder, 1955, p. 125),

Retrograde metamorphisa (in the brosd sense) is the alteration of
& mineral assemblage to an assemblage characteristic of lower metamorph
grade, It may be caused by cooling slowly emough to allow the minerals
Lo psrtly change to an assemblage stable at lowar metsmorphic grade, by
&2 later lover grade metamorphism, by an incresse in the partisl vapor
pressure (chaajcal potential) of water and/or carbon dicxids, or by eom
conbication of these factors., Hsu (1955) has distinguished Letween
"monomotamorphic diaphthoresis,” retrograde alteration in response to
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falling temperature, snd "polymetemorphic diaphthoresis,* retrograde al-
teration in response to either rising or falling temperature during a
later period of metamorphism. Howaver, he did not discuss the poni&l—
ity of retrograde mestmmorphism in response to & swiden incresse in the
chemical potential of volstile compmnents, quite pos:;ibly indeperdent of
teszperature changs,

The textures deacribed previcusly mske it clear that in thiz area
mineral sssexblages of the kysite 2one bave besn altered to assenblages
of the chlorite sone, Although minor structural features of two and pe:
haps three different orientations are superimposed, it is believed that
these belong to one period of defarmation., Both the bigh-grade arsss
and the retrograde features are found along a belb of well-defined folds
put these folds semx to be of the same age as the Green Fountain anti-
c¢linoriuz, In the Lincoln Mountain quadrangle retrograde features are
present in this same belt, whereas kymit e~bearing rocks along the cresi
of the Green kountain antlelincrivm show ro retrograde features. Thers
is oo clear evidence of polywetsmorphisz in the Hyde Park quadrangle.

One puszling feature is ths alteration of kyanite to musecovits ratl
than pyrophyllite, which would be expected if the alteration were essen
tially a hydration of kymite, Howevaer, the six specimens of sltered
kyanite, which wers checked by X-ray, contained muscovite but no pyro-
phyllits, This might suggest that potassium had been added from ah ex-
ternsl source during the retrograde all eration. However, ancther alter
native would be to asasume that the assomblage kysnite-garnst-biotite-

muscovite-guariz, as shown in Figure 6f, was presunt befors the alterat
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occurred., 43 noted on page 83 there iz some sugzestlion in the relict
textures that biotite was present. Horzover, in southern Verront in sime
ilar rocks this assaerblage is conmon (J. Ba (hompson, oral coszunication,
1955), and in the Yopadnock quadrangls of scuthern Kew Hampshire X, ¥,
B11linga (1949, p. 1262) reports a sillimanite-garnet-biotite-muscovite
rock sltered to a chloritoid-chlorite-puscovits assemblags, Tha taxtures
described are similar to those dbaerved in the lipde Park yuadraungle, If
a kyanite-garnet-blotite-muscovite-quarts rock having & composition zbove
chlorite on Figure 6f were hydrated, it is probably that the kysnite would
alter to mus covite rather than pyrophyliite, Thus, it is felt that no
addition of potassium during the alteration needs to be postulnted,

The comron assexblage kyanite-staurolite-bictite-muscovite-quarts
would also be affected in the ssxe manner by hydration. Zarlier the pos-
sibility that this assemblage had been present was dismissed because of
the lack of any relict textures indicative of steurolite, However, the
auther has since studied altered sillimsnite, andalusite, and stauralite
rocks in the Front Range of Colorado amd noted that it is very difficult
to differsntiste altered relict textures of these thres minerals, Howe
aver, although staurolite may have bsen pressnt, it seems most likely that
kyanite-tlotite~gurnet-msdovite~quarts was the highest grade ssseablage
formed in this area. _

All such retrograde reactions inwvolve hydration of the higher grade
assenblages, It seaus impossible to determine whether &his hydration
occcurred because of sooling or becsuse of an inorsase in chemical poten~
tial of water, or some comblnation thereof,
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{eneral statecent

Leiinentary features such as bedading and clastic gralns, and grose
compesition indicate that the wmetsmorphic rocks in the liyde Fark quade-
rangle, excluding the greenstme and suphibolite, were derived from pre-
dominantly argiliacecus-arenacecus sedirrnis, Chemical composition is
one of the fow possible linesof svidence as to the exact mature of the
Porotolith® or parent rock where the sedimentary fabric and mineralogy
has bsen altared, If the metamorghic processes in this area did not in-
volve important changes in chemical composition, then chemical composi-
tion should be 23 useful in determinirg the sedimentary protolith as in
distinguishing the different sedimentary rocks from each other.

No guch study of the chemlcal composition has been published and it
was nacessary to urdertake a study of the chemical composition of argil-
laceous snd aremceous sedimentary rocks,

The composition of argillaceous and srenscecus ssdimentary rocks

Analyses of argillacecus and aremceous rocks were culled from the
literature, rejecting 2ll anslyses which did rot report all of the follo
ingt 310,, Alzej, ?0203, Fe0, ¥g0, Cal, Ha,0, K,0, and H0, Analyses o
rocks from contact sones or with any vein materisl wesro alse rejected,
finally all anslyses ware rejected vhiich could mt be reasmably c;asai-
fied from the publiahed daseript‘ien into the following groups: ortho-
guartzite or quartzose sandstone, subgraywacke or normal sandstone, gray

wacke, arkose, snd szhale or slate, Cumulative freguency curves were then



constructed for various oxides ard oxids-ratios to determine which were
mogt characteristic of the various groups. The results are summarised
in fable 13. |

Absolute values of weight parcent are not Yoo useful, Two rocks,
whose detrital constituonte have the sams composition, but wich contain
<if ferent amounts of calecite, dolomite, or irom oxids cement would have
gulte diffsrent absolute welght percentagss ard the close relationship
hetween the two rocks would be obscured, In addition the gain or loss
of water, carbon dioxide, and cther cmstituents during metamorphism would
affect the absolute valuss, Relative values of characteristic constitu-
ents, expressed as ratics, are much wore useful,

I} was found that the relative values of A1203, k0, and Kan0, and
the absolute weight pereemt of 83,02 afford a rather good index to the
sedimentary rock type. The ratio 5i0,8550,* Al203 would provide a better
separation botwesn several rock types, but it i1s more difficult to point
out ita rslation to the rock classzifications uwsed by various sedimentary
petrographers, Cther indices were less viluable; for sxampls, the Fels
¥eO + Mgl ratio, which is important in determining the mineralogy of
metamorphic rock is quite variabdle,

In order to simplify the comparison with metamorphie rocks the sande
stones and pepresentative shale and slate anaslyses were plotted on trie-
angular diagrams to show similtaneously the relative values of the wole
percent of Alx04, K50, and Nas0, These diagrams, ranked by the median
values of the welght percent of giliea, are shown in Figure 7 in which
woight percont of siliea is the axis of 3 trisangular prism, Other
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Tnble 13, Chenieal characteristics of sedimentary reck types.
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indices are also sunmarized in this figure and the location of coumd
sedimortary and metamorphic minerals is indicated, Certain well-kno
*averags” or "composite" analyses of sedimentary rocks are also plot

The quartzose sandstones and subgraywackes are rather well dis-
tinguished by their high 340~ and low Al Uz-contert, Arkose is dis-
tinguished by having the highest alkali to aluzina ratio, commonly a
companied by a high KiO-content, The three points which indicsts a
alkall to alumina rstio suggest sither that part of the feldspar was |

caleie plagloclase or that the feldspar has been extensively altered |
clay minerals, The graywackes ard the shales are distinguished from |
sach other by their K O1Ha0 ratio and the alkeli-alumine ratio, Ad-
mittedly there is rather large overlap, but, considering the loose
classification of sedimsntary rocks andi the poor descriptions accoze
panying the analyses, the observed grouping seems significant encugh
to be uufui.

It is instructive to correlate thesse resulds with the minerzlogy

H

of sedimentary rocks and with the observed stability of various miner-.

als during weathering and sedimerbatin, Different minerals vary
greatly in thelr stability during weathering, transportation, and dis-

genesls, Olivine, pyroxene, amphibole, bictite, and calcic plaglo-
elzse are relatively unstabls during sedizerbary processes ard do not |
appear us important oconstitusnts of sedimentary rocks., Sodic plagice- 5
¢lass, orthoclase, muscovite, clay minerals, and quartz are ;ﬂ'ogressive-g
1y ~ore stable, 4 sedlment zay be said to be "compositionally mature? "

when it contains only the nost stable rinerals, and "texturally mature®
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|
fhhm it 1s well sorted, lacking s wide range of grain sizes,

Graywacke and wrkose are two hichly compasitionully lumature sedi-
rents whose mineral composition, becmuse of thelr imuriurity, roflects
two contrasting source areas (Dapples and others, 1953, p. 297-302;
Folk, 1954, p. 353=354; Pettijohn, 1954, p. 360-361), Graywacke cone
sists of minerals charscteristicaelly derived from a predominantly meta-
rorphic source area and is particularly characterized by the preaence
of rock {ragments, irkose consists of minerals derived from a predom—
dnantly granitic or greissic scurce area and is particulsrly character-
f;i:od by the presence of potassium feldspar, Soth of these sadiments
kre commonly tcxtm'ally immature, containing a wide range of grain
;:mca.
| {uartzose sardstone, shale, end chemical precipitates of dissclyed
Famm are both compositicnally and texturally mature, Other sedi-
Funt;vy rocks lie betwesn these five end-merbers, Inammuch as composi-
jhmal and textural msturity do mot recessarily accompany one anocther,
W sedizents may he compositionally maturs, but texturally immature
(ie. a rock composed of guartz grains in s matrix of fine-grained quarts
md clay minerals or a quartzose sanistons with a ealcite matrix),

In sedinentary rocks sodium is principally found in plagioclase
Feldspar (a0 = Alp04, mole peroent) and to a much swmaller extent in
}lay minerals, especially those of the montworillonite group (Haz0 <
K703, mole percent). Although sodium-bearing clay-minerals are known,
the potash-content of the clay minerals faund in sedimentary rocks is

much higher than the soda-cantent and rost of the sodium in sedirentary



rocks le in slbite. Thus, a s&ilmentary rock with & relatively high
soda=cmtent will alse have an alkali-alumina ratio appromching l:l
indicative of the high albite-content. Un the other hard a ssdimentary
rock with a high potash-content may be indicative of either a high
Teldspar or & high i1llite-muscovite content and the alkali-alumina ratio
may range widely,

Guartzose samdstones are chviously characterized by their Mgh sil-
ica content, while shales are characterised by their low alkali-alumina
ratio and low sodas~content, reflscting the low feldspar and high elay
content. The aburdance of potash feldspar in arkoses is reflected in a ,
higher alkali-alumina ratio and in potash being rore abundant than soda,
It was noted earlier that graywackes are charactarized chemically by
thelr high soda content and by an alkali-alumina ratic less than that
of arkoses but higher than thét of shales; lowegrade metamorphic rocks
commonly contain nearly pure albite, vhersas igneous rocks commonly con-
tain more calcio plagioclase, Albite is less apt to bs broken down
chenieslly during sedimentation than is & nore caleic plagioclase, Thus
a graywacke, characteristically derived from a setmmorphic terrans, gen~
erslly contains more albite~-and hence sore soda~~than an arkose, A

The effect of a carbonate or iron axide cement does not mask the
above characteristics,
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Explanation to Figure 7.

10, 20, 3 are quartile values,

(o)

1.
2.

3.

he

Se

é.
7.

8.
9.

C is reperted in many shales, but in very few samistones,
Elack shzls hae 2 high C md high ¢ =nd Fel, content with el >7

Hed shale has a low o and lov & =nd Fels content witih Fa,is 7

Individusl anslyees

Camporite or averaged analyses

Composite snslysis of 253 sandstones (Clsrke, 192h, p. S47).

Composite analysie of 371 sendstones used for bullding stoue
{Clarke, 192h, p. 547).

Tyrrell's composite analysis of 30 graywackes {Pettijchn,
1949, p. 250).

Unweighted average of 10 graywscke snalyses (Fettijohn, 1549,
pe 250). '

%mﬁaightsd average of 33 Precasbrisn elates (¥enz, 1951, p.
1166} .

Coxposite znalyeis of 51 Paleozoic shaeles (Clsrke, 192k, pe 552).

Compoceite analysis of 27 Mesozole and Cenmorxoic shalss ({larke,
192h, p. 552).

Umiedghted average of 30 roofing slates (ilbvee).

Unweighted average of 35 ceramic shales (Lamborn and others,
1939, p. 20).

Supplementary characteristics of shales snd clatess
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Comparison of the gomposition of the micsceous schists to that
of sedimentary rocks

i{he comparison of the chemdcsl composition of the micaceous schists
with the cheszdcal compositions of arglillacecus énd arenacecus sodimentary
. rocks is complicated by the loss (or gain) of eertain constituemts during |
metamorphism. The most important of these are water and carbon dioxide,
| The segregation of guartz into lenses and veins may leave a rock leas
. rich in silica. This process is quite troublescms, inasmuch as the sile
ica=-content is one of the most useful indices to the type of assdizentary
rock, and can probably be overcome only by an eatimate of the amount of
quarts in lenses and veins in each individual cuterop,
Thess two effects can be shown by a plot of Alj03 (weight percent)
against the weight percent of all other constituents except siliea, (100-
Sit}z). The welght percent of alumina and silica were calculated graph-
ically from sstimated modes of the micacecus schists from the Hyde FPark
quadrangle. The great variation in the compositicn of these sehists made
this sufficiently accurate, The sediments have a Al;041 (100-510p) ratie
with a median of ebout .45, most ranging between .35 and .55, Those
| points with a ratic less than 3§ were found to contain rathor large
quantities of carbonate, iron oxide, or graphite and pyrite, The achists
have a higher ratio, ranging around .55. 7This is slightly axaggerated as
nu estizate could be made of uncombined water in the schist. The lons
of silica camnot affest the ratio of Alglj to (100-5i03). This loss is
csflected by higher aiumina and lower silica values in the schists than
are found in eny sediment. The shift toward higher alumina and lower



silica values is clear in FPigure 8, _ '
Conparison of silica-content, and of any other absolute values, must

be made With considersble discretin, However, they do provide a useful
qualitative gnide, The percentage of aldbite in a rock (assuming all the
sodium is in albite) is alightly greater than ten times the weight per-
émt of scda, 'nu graywagkes, wiose amslymes wers ¢ited, would have an
albite content ranging frem 15 to 60 percent with a median at about 27
percent, while the shales, uhcse analymes wers cited, would have a nedi-
an aldbite cantent of adout &6 pereent anl a maximum of about 40 percent. ’
The third quartile value for shale is only adout 15 percent, which is
sbout the minimm for graywacks, Aill of these parcentages would bs in-
creasead in a metamorphis rock due to loss of volatiles and silica,

The metamorphic rocks can be plotted on the Al03-fag0-X.0 triangle
from the relative percentages of the minersls vhich contain these con-
_tt.;.tuouu. Estizated nmodes from various formations in the Hyde Park
quadrangle have been plotted on Fignre 9. The alumina and silica valuss
are also given, Comparison of Figure 7 and Fizure 9 makes it clesr that
arkoses and graywackes were not adurdant in this area, and thal the gedi-
merts sust have beem predominantly shales, quartzose sandstones, and sub-
graywackes, The 3towe farmation was preiominantly nongraphitic shale,
the Ottauqueches formation was made up of interbedded quartiite and bdlack
shale, while the sedizeuts of the Camels Eump group were more varied,
cansisting predominantly of shale, but rdbably also subgrayvacke and
some quartsose sandstone and graywacke. One thin sestion from the More-
town formation suggests an arkose composition,

-
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REGICNAL RELATIONS
General statament

ihe UGreen lMountain anticlinoriuw is the wajor siructural feature
of Vermont, extending north-northeast from t.hé Massachusetts border the
full length of Vermont snd about 50 miles into uebec, a total distance
of about 210 miles.

In the souihern part of Vermnt Precambrian rocks are exposed in
the core of the amticlinorium, Slightly mstamorphosed rocks of lLower
Cambrisn to Kiddle Ordovioian {with the possible exception of the Xid- -
dle Cambrian) age, the Western Vermont ssquence, rest with proncunced
angular unconformity upon the west side of the Precaxbrian core, 76 the
east the Frecambrian core is overlain, again with pronounced unconforme
ity by a second thick series of metasedizsntary and metawolcanic rocks,
the Sastorn Vermont sequence, 7The uppar part of the eastern sequence
is sparsely fossilifercus, including rocks of ¥lddle Ordovician or
younger age. The lower part of the series is nonfossiliferous and is
belisved to include Cambrian and early Ordovician rocks, A third sedi-
mentary series, the Taconis sequence, also of Cambrian and Ordovician
age, reats with structursl dissordance upon Ordovician rocks of the
Western Vermont sequence,

Although rresumsbly equivalent in age the composition and degree
of metamorpbisn 1s very different in the thres sequences. The nastern
Vermont sequence consists largely of metamorphosed argillacecus, arens-
ceous, and voleanic rosks; the wWeastern Vermont sequence consists large-

ly of slightly metamorphosed dolomite ard limestone with minor quartzose
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sandstone and shale; and €he Taéonll SSMNEE CONBIBUE ZEXEway we - weagree—
1y metamorphosed argillasecus rocks with ainor arenssscus and carbonate
rocks,

The Zastern and destern Vermout sequenses are rather unifora along
the strike and individual formsticns can be traced from the kassachusetis
border the full lemgth of Vermont anl some distance into Canada, The
major problems confronting geologlats working in Vermont are the correla-
tion of these three sequences ard the relation of the Eastern Vermont
ssquence Lo the New Hampshire sequence, Rapld sast-west facies changes,
axtensive unconformities, snd thrust falts of unimown extent have all
been utilized in the carrelation of thess sequences (Osberg; 1952, p.

68; Billings and others, 1952, p. 18; Brace, 1953, p. 54~57; Billings,
1956, p. 89-99), However, at the present time there is no generally
accepted correlstion,

Jo By Thompsan (Billings and others, 1952, p. 14=21) has summare
{sed the geology of southern Vermant (scuth of 44° morth latitude) and
bas discussed these major problems. Ho similar sumsary and map are
available for nothern Vermont. The geology of rorth-gentral Vermomt,
inasfar as it is known, will be summarised, the correlations from northe-
central Vermont north into Quebec ard south to southern Vermont will de
indicated, and the many problems which still remain unsolved will be
pointed mut,

Much of what is Inown of the geolozy of north-central Vorm;xt is
a result of the work of W, ¥, Cady, the author, and A, i, Chidester,
all of the United States Geological Survey; published sourcass are in-
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dicated on Plate 4. The Yestera Vermont sequence in rorthern Vermant ;
rather well known due to the work of Cady (1945), Booth (1950), 3haw i
(1949), Stene (1951), and mumercus esrlier workers, Areas in Luebec, |
Just north of the Internstionesl Baundary, have been mapped by Clark
(1934, 1936), Ambrose (1942, 1943), and Cooke (1950, 1954), Unfortu- .
mately, the work in Quebes vas not detalled ami the imterpretations and
stratigraphic names vary widely, 3Several of the formation doundaries
recogrdsed in Vermont are interpreted as faults in Guebes, Cady and
the author have visited Cooke and Clark in the fleld several times and
although their stratigraphic names will be utilized, the ssqucncs of 1

formations is revised to fit the writer's corrslation with the Vermont

o e et

sequence,

The Precasbrisn core of the Green Momuntain snticlinorium plunges
north under the Palessolc schists in the area scuthwest of Varren and
Precazbrian rocks do not appear anywiers Lo the north along the axis,

In rorthern Vermont the Precambrian rocks do mot form a natursl division
botween the eastern and weatsrn sequences. The Western Vermont se—queneqfi
in rorthern Vermont can, for convenlence, be defined as those rocks t
above but excluding the lowest fossiliferous rocks—the Cheshire quarte-|
ite and its equivalents, A strip, which liss just west of the main
ehain of the Green Mountsins, is moi included in either sequence, It I
includes the basal Cambrian (6b on Flate 4), the Tibbst Hill schist
(Sut), the "Jay Pesk series (J¥3), =ud the frecambrian rocks (i) west

of Warren. in this repori itids strdp will for convenlence be dealgnsted
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as the North-central Vermont sequence. The Camals Hump group amd the
rocks east to the eastern limit of the Gile Mountain formation may be cde-
{ined as the sZastern Vermont sequence in northern Vermont.

The gradual development of the standard section and the north-south
corrsalation of the EZastern Vermcnt senuence in porthern VW is sum-
marized in Tables 14 and 15, The units will be deseribed briefly here;
many of them are present in the Hyde Park quadrangle and have been de~
Seribed in detall,

Richardson (1902, 1906, 1919a, 1919b, 1924, 1927), Perry (1927,
1929), Currier and Jahns (1941), and Doll (1945) recognized and named
‘he major rock units of Sastern Vermont (see Table 14), itichardson |
traced an uncenforzity, now recognised as the base of the Shaw Houniain
formation, the whole length of Vermont. This corrssponds to the base of

the higher Pclay slate® of Hitchoock (1861). The Shaw Mountain formation
Currier and Jahns, 1941, p. 1496=1499; white and Jahns, 1950, p. 186)
consists of quarts conglomerste, sericite echist, and limestone, 7‘:?‘!1:
fsrmation is thin and ig absent at some points. The Shaw Mountain fore
mdtion can probably be carrelated with the Peasely Pond conglomerate amd

+he uppermost part of the Sherbrooks group in Jusbee, Throughout this
latance the Shaw Hountsin formation separates the nonealoarecus rocks

1a the west from the calsareous rocks to the sast and forms an extremely

;mpoftant referance roint in the rorth-south corrslation of the Lastern

Vermont sequence, Uurrier and Jabns {1941, p. 1500-1501) assimned the
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Shaw Mountain formation to Middle Ordovician or younger on the basis of l

the size of crimoid coluznals. Billings (19483 19%6, p. 92) and Boucot
. snd others (1953) have suggested that the Shaw Hountain formation i3 of |
lowernost Silurian age, ,

The rocks overlying the Shaw Mountain formation consist of inter- |
bedded impure limestone, gray to black phyllite or slate, andi quartszite,
In higher metamorphie grades the phyllite becomes a sehist containing

biotite, garnet, staurolite, and/or andalwite, Thess rocks havs bsen

subdivided on ths baais of the ralative amount of the various rock types.
A rather thin band of black slate or phyllite direetly overlying the ‘;
Shaw lountain foraaticn has been called the Northfisld formation, The

i
H

Waits River farmastion consists of impure limestons with interbedded yray :
to black phyllite while the Gile Mountain formation consists of gray to %
black phyllite and micaceous quartsite with thin beds of lmstons, In |
southern Vermont the Standing Pond amphidolite lles in the Walts River
formalion near the contact with the Gile Mountsin, but this unit has not
yot been traced through northern Vermont and doess ot seem to be contin- »
uous, The rocks above the haw Mountain formation correlate with the

5t. Francis group (Cooke, 1950) and possibly with the upper part of the

Glenbrooke group (Clark, 19343 Anbross, 1942, 1943) in Jusbec,
The rocks between the Shaw Mountain formation and the Precambrian
rocks are predominantly argillaceous, arensceous, and volcanic rocks
- with very few darbonate rocks. The Cram #ill formation (Currier and
dahiis, 1941, pe L95-1495) consists of zray to black, rusty-westhering

slate or phyilite, and quartzite with some interbedded metanmorphosed
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voleanice, The Horetown formation (Cady, 1956) corsists of & gray-gre
nickesous quartsite, gquartz-muscovite-chlorite-albite-epidote granulite

and gresnstone, Forphyroblasts of biotite and garnet have been noted 111
areas of higher metamorphic grade, i

In southern apd eentral Vermont the Cram Hil)l formation sesms to I
overlie the Moretown farmation, but Cady (personal comsunication, 1954) ,
indicates that in northern Vermont the two types of rock are merely i
interfingering sedimentary facies and do not maintain a definite st.rati-}i
graphic positicn, The Cram Hill (and Moretown) formation, as suggested E
earlier by Currier and Jahns (1941, p. 1496, p. 1508-1509), sesms to be |
the equivalent of the Beauceville (Magog) slate in Quebsc, which con‘haid
graptolites of Normsnskill age (Clerke, 1934; Asbroes, 1942, 1943),

East of Hansonville, Juebec and extending southward into the United
States are large areas of velsanie rock (Bolton group of Cooks, 1950)
which have been varicusly mapped as interbedded voleande rocks, intrue

sive rocks, and as post-metamorphic volsanles resting unconforzably on !

3ll the other rocks. Cady {personal communication, 1954) inaicates that
such volcanic rocks are interbedded with the Cram iill amd Horetown Xor-i
Eations just west of Lake Memphresagog. Thersfore, theas rocks have buij
included with the Uram Hill and korstown foruations on Flate Ae
Throughout most of the state there appears to be a gradational con—-é
tact between the 3tows foruation and the Nerstown formaticn, However, }
in northern Vermont, esst of lowell, these rock units are ssparated by e
the Umbrelle Hilld conglomerats for a distance of about 26 piles, Ihis

formation consista of quartz- and slate-pebble conylomeruts witn lnters
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beds of sericite slate and greenstone, Forphyroblasts of chloritoid

ars asbundant in both the conglomerate and the slate, iThe formation
thins to extinction to the south and to the rorth gives way te yreen-
stones mapped as the upper @rt of the Stowe formation. In the hyde
Park quadrangle a probable angular unconformity has been nhoted, but
this relation has rot besn seen clsowhars,

The Stowe formation (Cady, 1956) replaces the “bethal schist® of
Perry (1929) as the former name was preoccupled, This formation has
been traced north, as shown on Plate 4, to ths town of Stowe and then
nerth into the lowell arss, The Stove farmation consists of silver-
green, quartz-sericite-chlorite schist and phyllite, und greenstones,
with some interbedded black phyllite im the upper and lower perts, In
higher metamorphie grades the schists contain chloritold, gsrnet, and
kysnite, and the greenstones are metamorphosed to spidotas smphibolites,

The Ottauquechee formation (Perry, 1929, p. 27) has been traced in
a narrow band north from south of wWarren to the Hyde Park cuesdrangle,

It consists of interbedded black phyllite, massive blue~gray guartzite,

and quarts-sericite-chlorite phyllite, liesr iden the (ttauguechee for-

mation is covered by an extensive ares of glseial deposits. Its squive
alent north of this covered arez coraiats of lnterbedded black phyl-
lite, pebdly guartzite, and pebbly gusrtz-sericite-chlorite phyllite.
The Cttauquechee formation, which north of lowell is in part probably
equivalent to the Stowe farmation, has busen traced north to the type
iocali‘cy of the Mansonvilile ;slat.s {‘norose, 1942) at Kansorville, ue-

beec and for some distance farther orii.
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In ssuthern Veramnt the Ottauquechee formation is underlain by the %
Pinney Hollow formation (Perry, 1929, p. 26). This' formation is litho-
logically similar to the Stowe formation) silver-green quartszessricite- !
chlorite schist or phyllite with soms zreenstone and blaek phyllite, Id
part of southern Vermont an axphibolite, the Chester amphibolite, lias
at the tep of the Pinney Hollow formatim, The Pimney Hollow formation |
has been traced northward into the vicinity of Warren (with consider-

able uncertainty as to the location of its base), but no such unit can
be distinguished underlying the Ottsuqueches formation for some distance
north of the Winooski River, Hear Morrisville a narrow band of quarte~ |
sericite~chlorite achist underlies the Otisuqueches formation, but north‘
of the sxtensive area of cover the Belvidere N¥ountain amphibolite undere

lies the Ottauquechee formation., The Belvidere Eountain amphibolite haa'v
been traced northward inte Juebes, and may possibly be an equivalent of z
the Chester amphibolite, '

In sowhern Vermont the Hoosae formation (Thompsan, in Billings and |
others, 1952) underlies the Pinney Hollow farmatien. The Hoosac forma |
ticn consists of gray or black schi st with abundant porphyroblasts of al-d
bite, and eontains quartz-sericite-chlerite schist, quartsite, dolonite,
greenstone, apd microcline augen gnelss in various aress, The maderlyind
Tyson formation casists of conglomerate, schist, and “graywacke,” 3

?bc Precazbrisn plunges under this seguence west of Warren and the !
Pinney Hollow, Hoossc, and Tyson farmations have not been distinguished
in northern Vermont. The Camels Hump group (Cady, 1956) has been de-

fined to include those rocks between the bass of the Cttauguschese forms-

- |



P

tion and the Frecambrian, The Camels Hump group consists predominantly
of a monotonous sequence of interbedded graphitic and non-graphitic,
quarts-sericit e~chlarite schist and gneiss with porphyroblastic albite
and some thin guartsite., In a faw areas it conteins gernet and bistits,
The eastern expcsures of the Camels Hump group consist of interbedded
graphitic schist, miocaceous quartzite, nongraphitic schist, and massive
quartzite. In certain areas it is difficalt to distinguish the latter
litholozic assemblage from the overlying Ottaugueches formation., De~
tailed petrographic wérk indicates that there is no significant couposi-
tional difference between the two apparsntly dissimilar lithologic assexm~
blages of the Camels Huap group, and indicates that the difference is
predominantly textural, Near iden the Delvidere Hountain asphibolite is
directly underlain by the coarse-grained porphyroblastic albite schist
ard gnelss, The Sutton sdchist along the axis of the lireen Mountaln
(Sutton Mountain) anticlinorium in Juebec consists predominantly of ale
bite schist and gneiss far some distance north of the International
Boundary. Ho relisble mapping units have been found in the Camela Fump
group in the northera art of the state, although bands of silver-green
quartz-sericite-chlorite-magmtite gsclists have been mapped for limited
distances in the liyde Park area,

Kesr lake Hemphremagog in Jusbsc, the Besuceville slates are over-
lain unconformably by two sync;.inal troughs of fossiliferous slstes (the
Glendrooks group) of 3ilurisn and Devonian age (Clark, 19343 Ambross,
1942), Cady (written communication, 1955) indicates that lithologic sim-

ilarities stronsly suggest thet thess rocks are thoe equivaieont of the




Shaw ¥euntain and suceeeding rocks in Vermont,

Western Vermont sequence in northern Versont

{isologic wark 4in the “estern Vermant sequsnce has been in progress

PR —

for nearly a century. iuch of western Veramont has recently been ro-exm—’i

ined in greater detail by Cady (1945), Fowder (1950), Shaw (1949}, Stone |
(1951}, Flowsr, iodgers, Thompson (Billings and otbers, 1952), Zen (3.'5}5:;),,3é

and HacFadysn (1956).

The western Vermmt sequence in southwestern and west-gentral Ver
zont ranges in age from lowest Caxbrian to Hiddle Ordovician. The lower
units are predominantly of detrital origin, including quartaite, phyl-
1ite, graywacke, and conglomerate, with dolomite in the upper part of
the lower Cambrisn. The c¢entral and largest portion of the sequence
wnsists largely of carbonzte rocks with dolemitic limestones dominsnt
in the older formations and caleitic limwstones dominant in the younger.
3lates and phyllites of kilddle Ordovician ags rest unconformadbly upon
the carbonate rocks and logcally truncate the Falecsoic rocks so that
they rest upon the Precambrisn basmment.

The correlation of the westera Vermont segquence from Massachuseits
and Kew York north into jusbec is rather well established and is swn~
marized in Tsble 16, Jeveral of the units which Clark (1934, 1936) and
Booth (1950) placed in the Lower Casbrian have been shown as kiddle or
Upper Cambrian to correspond with Shaw's (1949, 1954) work. HKany of the
-units grade laterally rorthward into units of different lithology (Jhaw,

19493 stone, 1951j; saveral carbonate units gaining 2late members or

:
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being replaced completely by slate, Ths wholes sequence appears to thick-
en northward,

The Dunham dolomite and Cheshire (Gilman) quartzite, containing fos-
sils of lLower Cazbrian sge, ars the lowest fossiliferous units wiich have
been traced the length of the state, Indeed, the type locality of the
Dunham dolowite is in Quebec and that of the Cheshire guartzite is in
Massachusetis,

North-central Vermont sequence

In west-central Vermont the Mendon formatlion consists from bottom
to top of the Niciomcket mesber (graywacke, quartsite, and conglonerats),
Forestdale mesber (dolomite), and the Moosalamoo mesber (phyllite and
quartsite) (Osberg, 1952, p. 26-36; Brace, 1953, p. 30-34). The Nieka-
wacket menber sewss to correlata with beds mapped as Cheshire quartzite ?
pear North Adams, Massachusetis vhich contain Olenellus (Osberg, 1952,
p. 35; Brace, 1953, p. 33). The Nickawacket, Forestdale, and Moosalamoo ;'
. menbers (Mendon "seriea”) correlate with the Pinmacle graywacke, ¥White
Brook dolomite, and West Sutton slate respectively of Clark's (1934) Cak
Hill series and of Booth (1950),

In northern Verwont and north into Juebec the Pimnacle formation is
believed by some to be underlain by a greenstone unit, the Tibbit Hill
schiste Clark (1934, p. 10; 1936) and Booth {1950, pe. 1155) believe that
the Tibbit H1ll schist 1s the oldest urit exposed, but that it is of ral~
vozoic age, iHeconnaissance by Cady and the author suggests the possibile
ity that the Tibbit Hill schist lies within rather than under rocks of

typlcal Finnacle 1ithology.



Booth (1950) has attenpted to distinguish thess lowermost Cambrien
formetions in the area between the International Boundary and the wWinoo«

ski iiver, The west Sutton formation and the Pinnacle formetion approaqj
lithologic similarity in this area, consisting of samly slate or phqu
graywacke, and conglomerate; moreover they merge and are mdistingni-hat'i
shers the White Brook is absent, "This thimning of the (¥hite Brook) do!
onite weostward apd southward ereates a roblem because it is an exce i
horizon marker; without it the separation of the West Button and ?in::j
is impossidle in many places” (Booth, 1950, p. 1147). The eastern limiti

of Booth's mapping was where "the Finmacle terrane sseus to pass imper-

septibly sastuard into the more astazorphosed rocks that flank the Crem
Yountains® (Booth, 1950, p. 1154).

The author's and Cady's recornsissance indicate that bootils cixs.wr:i.*E
tion is quite appropriate, ihe suthor has mspped the western contact ofé
the albite achist of the Camsls Hump group north of the lamoille river, |
Between that contact aml the esstern eige of beoth's mapping (Plste 4) |
the major rock type i3 a fine-grained guarts-sericite-~chlorite schist or
phyllite with abundant highly-chloritic “graywacke", greenstons, and mim]
black phyllite and quartzite., The "graywacke® is abundant only in the |
wostern part of the area. Un Flate 4 the areas in which “graywacke” is
abundant have been designated as basal Cambrian (6b on Plate 4); the
schistose areas to the east have been designated the "Jay Feak series"
(Jr3 on Flate 4), the term being used without any stratigraphic signif-

icance, [Ihe line beiwesn may represent the contacl between the “est ule

ton and <innacle feemations, bul is st best merely an approxdmation,
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Nerthwest of Jeffersaaville i3 an area, as yet undefined, of black phyl-
lite, black limestone, and black quartzite (JPSb on Plate 4) which ap-
pears to be in a8 synocline surrounded by the guarte-sericite chlorite
schiat. Farther northwest of Jeffersonville massive highly chloritic
"graywacke” and greenstone are common and are difficult to distinguish
from one arother, It is likely that this is an anticline of Tibbit Hill
greenstons, 3South of the lamoille River the *“graywacke” is coarser
grained and much less chloritiec,

Frizary svidence for tops of beds--and in pleces even for bedding--
is not abundant and detailsd mapping is required in this area, However,
a tentotive pleture is that this viole area consists of the Kest Sutton
and Pinnacls formations with a broad snticline and a brosd syncline
nerthwest of Jeffersonville,

Igneous rocks

Humercus bodies of ultrasafic rocks are present on the east limb of
the Creen Hourtain anticlinerium, anly the largest of »hilch can be shown
on the zap; a few are also known just west of the Gresn Hountain axis,
Several of the bodiss contain dunite cores, but rmost have been extensive-
ly or completely 2ltered to ssrpentinite, talc-carbomits rock, and stea-
tite, Thess have been assigned an Grdoviclan age inasmuch as such rocks
are not known to intrude strata younger than Ordovician in western New
Engiand or adjacent Jusbec,

¥ost of the granitic rocks in the eastern part of the :msy (those
designsted b on Plate L) sre biotits-puscovits granite, :uartz, mone

zondte, or sranodiorite, These rocks sre clearly youngexr Lhan the meta-
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sedimentary rocks and apparently Iato-tectonic. They are similar to the
5ra'niﬁe rocks of the Kew Hampshire magma series (Billings, 1934).
Several alkalic stocks (designated lwh on Flate 4) ars clearly
younger than both the defarmetion and the regional metamorphism, These
are largely syemite and granite and sre similar to the rocks of the #hite
¥ountain magna series of New Fampshire (Billings, 1934). Some post-neta-

morphic, fine-graimed lamprophyre dikes are pressnt, dut are too small to
be shown on the map,

Structure

It is evident from the preceding discussicn that the Green ¥ountain
anticlinorium is the major structure in this area, Ower much of its
length the anticlinorium is a broad structurs with several important
axes, inereasing the difficclties of correlation aeress the anticlinori-
un., The location of the axis is mot known in detall in the area just
north and south of the Wimooskli Hiver., The shiny quarts-sericite, chlos
rite schists of the "Jay Peak series™ cross the axis in an axial depres-
slon near Montgomery Cator. Structural relations on the southarn edge
of this axisl depression suggests the presence of & local thrust fault,
and the syncline, vontaining roeks of the "Jay Peak series” east of the
anticlinorial axis seems to be overturned to the west, This syncline,
the Voot Brook syncline, contains rocks tentatively identified as the
Jttaugquechee and Stows farmations in the Hyde Park quadrangle. The rocks
of the "Jay Peak series” apmrasntly thin to extinction in the southern

part of the oot Brook syncline,

Vest of lowell nenerally east-west trending amd vertieslly dipping
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bedding schistosity iz pravalent over a considerable arsa, This atti-
tude is well exposed at Hasens Notch in cliffe over 300 fest in helight,

but the mtwre of the major structure is not yet known, |

A general sntioclinal zone must bo present in the area bstween the {
Foot Brook syncline and the main band of the (ttauquechee formation, but l
the axis has not been acourately located, A group of large folds great-
1y broadens the outorop breadth of the stows farmation in such of northe |
ern Vermont, Hortheast of Lowell the Stowe formation crops eut in s ‘
large north~-plunging antieline,

Ihe folds in the lyde Park quadrangle are demonstrated by the com=
plexity of the Vitauguechae=itowe conteact. The large ultramafic body
in the southeast corner of the Jay Peak quadrangle is folded so ibat its
exposed widih is such greater than its actual thickness.

The great variation in the widih of the Cram Hill-boretown forma-
tions northwest of Hardwitk is as yot unexpleined. It is probably dus
principally to the dying cut of folts, but stratigraphic convergence
and the disconformity at the base of the overlying Shaw Fountain forma-

tion =ay be partially responsible, The structure above the Shaw ¥oun-
tain formation in northern Vermont is as yet poorly known, The Gile |
weuntain formation is presept in a brosd syncline west of the main belt
of its exposure (Dennis, 1956, p. 35-39).

In 4uebes Lhe base of the Mansonville formation and the top of the
_Sherbrooke group (3haw Mountain rormation in part) are intsrpreted zs
faults. In the opinion of the aulhor anc of sthers this is definitely

not the case in Yerxont nor des 1t sprear Lo be s0 al szveral aress
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visited in uebes,
west of the axis of the Green Fountein anticlinoriwm the same gen-
eral picture of bruad shallow, but highly plicated, folds appesr. ile~
connalssance westward from the sxls of the Oreen ¥ountain anticlinorium
in the lixle sark quadrengle to the amall area of black phyllite, black
limestone, and black quartzite (JPSh) rerthwest of Jeffersonville indi-
cetes that Lhe beds grow succesalvely younger from the axls westward,
Farther west it is balievad that the rocks are guccessively older for
about two ziles west to the area of greemstone. Booth (1950, p. 1154)
indicates thet this groenstone is part of the Tibbit Hill greesnstone ex~
posed in an anticline, The rocks west of this greenstone have been
groupad with the West Sutton and Pinnacle formadions by Booth (1950).
Doth Booth (1959, p. 1155) and Clark (1934, p. 10-11) concluded

that the Tibbit Hill greenstone was the oldest rock exposed and thst the
rocks sast of the Tibbit Eill gresnstons band were more highly metamore
phosed and fiper griined equivalents of the Oak Ei1) serdes. Clark ine
terprated the sastern border of the Tibbit Hill greenstone as a fault
(the Broze thrust), but Booth (1950, p. 1155) says "... the Tibbit Hill
--Creen Mountain rocks contact irdicates the 'Creen Mountain schist |
terrane' passes into that of the Pinnacle foruation without sny break.”
dowever, 3%t no plasce has the relatian of the Tibbit Hill greenstone to
the schists east of 1t been definitely shown., It is entirely possible,
as suggested by minor structures, that the Tibdbit Hill gresnstone is
underlain by roek of Finnacle - “est iutton lithelory,

The Finnacles - ‘st Subton facies is limlted onm Lhe weat by ths
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foasilifercus Gilwan and Dunham formations, The fossilifercus scquencs

of rortuwestern Vermont is cut by several thrust faults (Flate 4/,

rroolems of the geology of Horthern Vermont

Before attempting a discussion of possible corr:lations between the
Hastern and nestern Vermont sequances, it is necessary Lo mention sever-
8l problews within the areas which are rather well mappedi,

- Forewoat among these problems is that of the validity of the rorth-
south correlation of the Zastern Vermeut ssquence, uncentrolled by psle-
ontologic evidence as it is, It is recognised, of eourss, that boundaries
of lithic units need n&‘b ﬁaeesnrlly correspond with time surfaces,

There can be no doubt of the aorth-:ambh correlation of the disconformity
at the base of the Shaw Heuntain formation and it peess likely that it
corresponds rather ¢losely with a time surface, The rather digtinctive
Stowe formation contains volsardc rocks throughout the state and its
upper and lowsr contacts correspond rather closely to those defined for

‘ the "Bethel schist™ in the itype 'locality, The abaemce of the Stowe for-
mation in Juebesc has long been & problem in attempts to corrslate the
section in (usbed with that in southern Verment, However, its gradual
digappearancs in morthernmost Vermont is rather well wderstoed now,

The absence of a contimuous Finney Hollow type of rock below the
Uttauqueches has nade 4t dif ficult to delineate the bage of the Uttau-
queches formstion north of the Winooski Hiver, It is believed that this

has been accomplished successfully in the main band of the Jttauguechee

formation, bul it is reeogrized that it has rot been possible to dsline-
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ate scfurstely betwsen the Ottsuquechee formation end the Camels Husp
group in the Foot Brook syncline., An additional problem is the corre-
Jation of the Ottauguechee formation across the extensive area of cover
near Eden, Howsver, dotalled mapping in tile ares has convineed the
author that the correlation is correect,

The corrslation of the Stowe and Ottauquechee forzmations in the Foot

Brook syneline with the main bands of those formations has been discussed

previously. A large amcunt of time has been spent trying to show con-
cluaively the relation between the rock mapped as Stowe formstion in the
Foot Brook syncline and the two south~extending "prongs" of the quartse
sericite~chlorite schist of the "Jay Peak series” esast of Montgomery Cen-
ter, However, the work was inconclusive ant the relations shown on
FPlate i are based primarily upon lithologie compardsons rether than upon
actual traced contacts, The rock in the "prangs® 4is a silver-green
quarts~sericlite~chlorite-magnetite schist, soxe beds approaching a mi-
esceous quartzite; vhile the Stows formation in the Foot Brook syncline
is a silver-green, quarts-sericite-chlorite-magnetite schist, commonly
highly micaseous and containing porphyroblasts of chloritoid,

" The mejor structural features are known gsnerally, bul have not yet
bems fully delineated, This is especially true of the unmapped areas
east of the 3haw Mountain formastion. The variation in breadth of out-
eren of the Cram Hill « Moretown formationa is mot yet explained, Frobe-
lexs in the unmapped areas in the Horth-central Vermont sequence will
be discussed in the next ssction,

i
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Any attempt to corralate the Eastern and “estern Vermont sequences
in northern Vermont should wait upon the completion of geologic mapping
in the rock designsted here as the Northecentral Vermont sequence. How-
evar, consideration of possible correlations does provide a usefuyl guide
to direct further work,

The pre-~Shaw Xountain rocks of the Eastwrn Vermont sequencs are
Cambrian and/or Ordovician, The Cram Hill - Morstown formation is prob-
ably of Middle Ordovician age, hence, the base of the Middle Ordovician
sust 1ie somewhere to the west. The Shaw Kountain, Rorthfield, and Waits
River formations are not older than Middle Urdovisian nor younger then
late Devonian (White and Jahns, 1950, p. 191~192), but ars probably
hiddle Ordorvician to Silurian {Boucot and others, 1953). |

The pre-Shaw Eountain rocks of the Eaastern Vermomt icqumco Eay

represent the whols section from basal Cambrian {or even lste Precambrian)

" %o 3ilurian, However, given the proper cosbination of unconformities,
these rocits may represent only basal Caxbrian or only kiddle Ordovician,
In the Western Vermont ssquece extensive unconformities are known above
the Frecarbrian and at the base of the ¥hipple marble and Hortonville
slate of Middle Urdovician age, Extensive unconformities are present in
the fastern Vermont seguance at the bass of the Shaw Mountain formation
and above the Precmbrian core. Unconforzities, probably important only
locally, have boen noted at the top of the Stows formation amd at the

" bage of the lorthfield slate (shite and Jahna, 1950, pe 187).

Three genersl corrslatlons seem possible on the basis of the paleon-
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iolozie evidence alone, The interpretation cost generally sccepted is
that the pre-3haw dountain formations are eguivalent in age to the Cam~
sro-Urdovician sequence west of the (irsen Mountalns, Such an interpre-
tation implies a rapid facles change from the carbonate sejuence west of
the Green Mountains to the argillacecus-arsnacecus sequsncs with inter-
calated volecanic rogks on the east. Support for this facles change is
found in the Ludlow ares in the presece of quartsite and dolomite which
are lithologically similar to parts of the Lower Cambrisn ssqumnce west
of the Green Mountains, Further support is foumd in the fact thai the
Northwestern Vermont sequence is intermediate in litholegic character
betweesn the eastern and western sequences of ceatral Vermont,

An altemative interpretation suggested by Thmpaoix {(Bi1lings and
others, 1952, p. 18) is "that the pre-Cram Hill formations are all of
¥lddle Ordovician age and to be correlated cnly with the rocks above the
nid-Ordovician unconformity west of the mountains.” Sueh an interpro-
“tation requirss that an unconfarmity, as yet unraecognised, extends north
from the point west of Warren whers the Frecambrian rocks plunge under
the younger rocks. Thompson (personal corzunication, 1954) has suggested
that such an unconforaity may saslly have rexesined unnoticed within the
"graywacke” considered 23 Finnacle formation Just west of the vreen soun-
tains, inassuch as little detailed work ins been within this critical
strip. - |

A third pessible interpretation is that the lowest Cambrian clastic
* rocks of the .estern Vermont sequence are the squivalents of zost of the

pre-iraxm 311l sastsrn sequence ami thai ths carbenate rocks of higher
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Cambrisn and lower Urdovician are represented by an unconformity, as yeot
unrecognized, somevhere in the sastern sequence, GSimilarly it is also |
possible that the basal liortonville uncnformity is located within the
fastern Vermont eequsnce rather than at its base or at the base of the
Shaw Mountain formation,.

A more detalled correlstion can be sttempted anly by the comparison g
of detailed lithologic characteristics, or by tracing unite along striks |
%0 points where they "bridge® the Green Mourtain anticlinorium in an ax~
'4al depression, The Oak Hill series of Clark (1934, 1936) has been traced
by Cooke (personal communications and field conferences from 1950 to 1954;
1954) nearly 50 miles north of the Internationsl Boundary to the St. Fran-

ceis iiver, lIao the vicinity of lilchmond, Wuwebes, on the Ht, irancis lLiver,

the Cak 1ill ssries "bridges” the Gresn Mountain apticlinarium, Eecom= |

naissance by Cady and the author has suggested that the Swestsburg slate,
the Scotsmore quartszite, armi possidbly the Uak Hill slate and Junham dolo~ i
zite, are the squivalents of the Hansonville forsation., If this correla- I}
tion is valid, the Hansonville (and the Ottauquechee) forzation extends
from Lower Casbrian to Upper Casbrian in age. Heeently more detailed work
by F. E. Osberg (personzl communication, 1956; 1956) has confirmed this
tentative carrelation,

The Foot Brook syncline offers another possible “bridge” for a more
detailed east-west carrelation. is noted sarlier the rock in the Foot
BErook syncline has been corralated with the Stowe and Uttaugueches fore

mations to the east, and rsconnalssance auggests that the "Jay Feak se-

ries” is the equivalent of the <est Lutton schist and the vrlnnacle
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“graywacke.” lowever, it hss not been poasibls to demonstrate conelu-

sively the relation between the "Jay Fesk seriss” in the north end of th
Yoot Brook gyncline and the "Stowe formation® in the southern end. The |
rock in these two aress is lithologically somewbat dissimilar, but in mj
possible intergratation rather rapid facies changes must de allowed, !
The difficulties in the Foot Brook symocline are coapounded by the
presence of two possible correlatives of the Uttauqueches formation on §
the weat flank of the Green Mountain anticlinorium. One is a narrow bmc‘
(JPSg on Flate 4) of black phyllite and thin massive gquartzite with an ;
underlying greemstons, separated from the albite schist of the Canels
Hump group by a silver-green quarts-sericite-ghlorite-magnetite schist.

i
|
|
|
!
1
|

The cther is the "syncline® of black phyllite, black quartsite, and bmx{
limestone rortiwest of Jeffersonville (JP3b on Plate 4). The comlstimi
of either of these with the "Ottauquechee formation® in the Foot Brook |
syncline requirss that the underlying silver-green quartz-sericits-chlo- ‘
rite-magretiite schist of the "Jap Peak series” thin to extinction east- ‘
ward as such 2 unit does not appear in the Foot Brook syncline, &1!;%&.&@{
on the basis of lithologle comparison the black phyllite, black quarte- |
ite, and black limestone in the syncline northwest of Jelfersonville

(JP3b on Flate L) may possibly correlate westward with tne Hortouville
formation, it seams wore likely that they correlste westward Qith the

_ Skeels Corners slate (Sweetsburg slate), Rugg Brook formation (Scots=
zore guartzite), and Farker slate (Cak Hill slate)s If both this corre-

lation and the aorthward correlstion of the Uttasuquechee are currect,

then the rocks in the syncline near Jeffersonvills also correlate with
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the Ottauqueches formation,
Another poasibility is that the correlation of the rocks within the
Foot Brook syncline with the Stows and Ottauquechee farmetion is incor- |

rect. The Pinney lollow formation is lithologleally similar to the Stove |
formation. The rock within the Foot Brook syncline may be the equivalent |
_ of the Pinney Hollow, thinning to extinction eastward, so that it does
not appear in the eastarn part of the Hyde Park quadrangle. 3uch a cor-
relation would suggest that the Cttauqueches formation is absent in the |
Foot Brook syneline, but appears in the "syncline® (JPSh) northwest of 1
Jeffersonville, It would also suggest that the unit shown as Ctiaugue-
ches in the Foot Brook syncline correlates westward with JPSg.

Several different carrelaticns are possible in attempting to cor-
relate westward from the Hyde Park quadrangle by ecomparison of litholog- |
ic characteristics. HNo cne of these san be favored on the basis of what
is now known, It is belleved that detailad work arcund the two "bridges®
will oventually disclose the proper carrelation, Further datailed xap- .
ping within the North-centrsl Vemont sequence will resolve meny of these |
problems, It is likely that the White Brook dolemite will be recoznized
within the "Jay Peak series” and will greatly aid the correclation, Us-
berg has clarified the structure and stratligraphy near Richmond, .usbec,

but more work is needed just nortb of the International qumf_bﬁﬁgﬁ,,,,;

this knowledge can be complstely utilised in northern Vermont,



HINERAL RESWURCES OF THE BEDROCK
Tale

Tale is the most important mineral resource of the bedrock of the
Hyde Park quadrangle, 3Since about 1900 several small mines have been
worked intermittently in a large bedy of ultramafie rock, 2.6 miles N,
39° E. of the center of Johnson village. One of these, the Johnson ,
¥ine (Chidester anmd others, 1951, p. 17-20; Billings and Chidester,
1944) of the Sastern Magnesia Tale Company, as of Septembsr 1954 was
producing ground tale at the rate of about 22,000 tons annually. IThe
ultrazafis body is about 3,500 feet long anmi 200 feet wide, It is al-‘
most complotely altered to ulc-carbou;m rock, but several small mssés
of serpertinite remain at the south emd of the mass, The carbonate,
predominantly magnesite, ranges from 25 to 45 percent, Soze steatibe
occurs along the borders. The ore, shich is suitable for use as groundl
tale, is grouna at a 411 in Johneon village, '

A small abandoned tale mine (Chidester, and others, 1951, p. 20)
0,75 mile S, 60° W, of the center of Johnson village, contains tale-

carbonate rock of good quality, The caved open pit 1is adout 125 by LO|
feet, and underground workings ar: known to have extended several hnn—i
dred fest to the south,

Talc~carbomate rock is exposed for about 200 feet along the bed of

a brook, 0.45 mile 3, 30° W, of the summit of Bowen iiountain (iden).

About 0,90 mile 5, 18° W, of Howen Mountain talo-carbonate rock is ox~
posed far sbout 150 fest in & brook and in scattered outcreps for 450 |

fest rorth from the brocks 7The tale-carbonate rock is very white, of

il



g0ood quality, and resexbles that at the Johnson Mine, The area between
the two groups of exposures is coversd with surficial deposits, but both
eccupy approximately the saxe stratigraphie position. About 700 feet up-
stream froem the sscond body, tale-tremolite rock within a trexolitie
gresustone contains small quantities of tremolite asbestos (nd = 1.631).
The exast extent of this rock could mot be dastermined because of cover,
but it doss not appear to be very great,

‘ Other mineral rescurces

Two small limestone quarries azd two abandoned lime kilns (Dale,
1915, p. 12-14) are located 1,20 miles N, 11° ¥, of Hillside School
(Johnson). The beds of impure marble are thin and ean not de traced far
along the strike, |

Small veinlets of galens and sphalerite and associated pyrite and
barite are exposed in & szall prospest pit, 1.55 miles S, 5° W, of
Claveland Corners (Hyde Park), Veinlets of pyrite were moted at soveral
places in the caleareous schists in this vicinity,

Disseminsted pyrite and woxe chaloopyrite occcur over a width of
abaut 15 feet in gresnstons and a dlack and white danded quartzite in the
western part of Wolcott township, 0.89 xmile ¥, €8° X, of the sumit of
Toothscher Hill (Hyde Park). Pits, trenshes, and shafts opened in &
search for copper, ars rov sbandoned and £41led with vater,

Ilnenite and kyanite are exposed in and around the vicinity of a
small prospeot pit, 1.25 miles 3. 65° E. of Delmo School (Elmore) and
8 little mwrtheast of a wod rvad shown on the map. A band of achist




L]

about 200 feot wide contains adout 35 percent of partly altered kyanite
‘and about 15 percent of ilmmnite along with chlorite, suscovite, partly
altered garmet, and serieite anmd chloritoid formed during retrograde
alteration. 7The ilmenite also occurs in veins; these are expesed in tbp
pit which is believed 2o have been opened for fron. Beneficiation tests
run on samples from this ares indicated that the kymite cannot be ¢~
ceaatrated by methods fourd applicable to commercial kymnite ores, chisf-
1y because inclusions of ilmenite are locked in the kysnite crystals,
and also becsuse the kyanite is sore or less zltered to sericite,
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