VERMONT GEOLOGICAL
SOCIETY

ANNUAL FALL FIELD TRIP

Torpics: THE GiLE MounNTAIN/WAITS RIVER
STRATIGRAPHIC SEQUENCE QUESTION,

THE PoMFRET DoME--ORIGIN OF THE
CLEAVAGE DOME STRUCTURE AND
ASSOCIATED ORE MINERALIZATION,

OcToBER 23, 1982

FIELD TRIP LEADER: CHARLES A. RATTE’



’
[ 4
4} Giey yINO§ puD epuw ©)
Aved evi yfal 9 B wiw] L
ARl I

A jIng DIiewy Ju§ (uel)
D Mieqes (O SDINIeny epd
AePO  L381 PA0Q  AepmoN )

HOD1029 AYVYWINd

&

¢
i)

- .N{Eac} “
prjeig wnof

g

| ‘3
¥ \“m_l.,us

ALINHOANOONN

—_— ——

Joud amddn wy 1114DRD YRULIBIII INVIS IwSO]
sjavndy

Ju ssus) ey vsw pus 2 aaund

_pwwnrp b A

PRSPPI

willgduad I RgE it
teigsr opumBusmiians .

wysate Ay peliisjsuevys apa)s vasvajus
Wiy mp oy Asty )

INOWHIA NH3LSV3

§\J§

[z ey ¢ siovpguitydavd swjujuos A INUMN A NY
spagsuab a6 jspqw vov sjavmd Avid g
uy se waiw AUsb PUE IBLUND SRS
” wiyyy suaduw puv sopyyed
ANUMHAA NESLaY AILUOUN
A ol o] yEnug )
-
c <
] ULy His
> -yInou M1 Jausvd pup Ayulg Jo wvvjyuiAydiod juupunye
> \ssssa-1ond Auid opul vansud avyd
0U L[S THOAILIIDS UL vaaof smn}f
sonpicaddp pApd NN IVIOYS § auuproun} 28 Aas Bipis pup suupe
» d0ina0 pairyivsn ry) snd o) ¢ V8 P wler pub j 0 spey. pasvds tn Apaavf
Jour ong w0 Ul 8O Apunddy o N sporasw 1aund qoviy vi il yaug)
Joigse BAW Caimoup puv s . N
o o e T st epiorg eeoimafund stount) won0) PRYYIHON
. INUREAN NUSLY LU R
] AR IR
uupsrmi) Apuos pessyjuaa sy ‘Rusd ymapy aoade o aNony
ANUMEL A NVALOY4ILLEUN - =
* uutpsuio) Yo g ..
Aqd puo pjn Jo spR wayl Dutuivjuus suuptsw]
_ is . VIR wiy i 1 viky smg
- U spejus0y
Warglaom W} W aphsopys 2t
_ ) weyau) § v) g 4 QAUIR el WNUSILIIE DapPIYIAIME I st S}
sizjaund ssopryss Rvad Jo spiy r ponvanavavys iy rooupd aeyiv jpas
o sppe Avid Aays smmo sjupe smnoylubissgy Wiy (HVA WU MHUYT VK] Y0s SDJIM Y AL OM P 1 Astiqrkgu ]
Frus oAUy - ap Ng-TaUAb- PRIy et Iydab VB 1y avsw opsund Auad qdnop sequow (ijf aud ) e
foqny Jo 150e10N O oy avepus | Ju qINUY suvpEussad puu snvpesanit
2001 WUlagIN N Ju JrDeylavL HO 2RI JMLID DL Pav njebs densod puv Ritgeugef Jy dveu
..as[a\we :..:.C,n . ua..n_v-u g Aygucepref .:.:t:lx rvav) Avpid vuivyues JAIVI spusiyiivy PV IPNAY
Apguguad "paf suivder jof 11yEY .z_“..n.cu”_uu:_\ JLCLL] sy R ousvd s0svod w:.z.i..a
. g ousnd ydwy s NuLIN puof Butpub)y sm
N -upun .:..:.:..uik. PuD ‘2[CamOp 40 “prasvld ) ' Y it WOl i ~..:;:_..__ zu-.x:o
Jo apovjquaydand wiviue AjMuwwos Jeiyd puy ot M v Ayd sy) puv ‘jouavl pub
. .
o iosis o “esoh s o gt yod H o fo jot oy et v el o et i L)
m SuruiDinou jo1ysw Dol AD40 €))L putenjrLs soervd spphyd wo ‘(aany wwbavaN fu AR aravan s 1hwnd AVLD A uviupuidisel pus
< |- on u&e........:....ﬁ Jo uines Lﬁ..,_.“w.::”“d..“..u sesvssu Fuil gL ouvIOpBsdasut poppoqsaing nss Agiive § RO WLIRITIY U] peisyiDsn
‘ .
) P "op 5. g puo siniy puy poppagssun uiygse 0 1 HupAas puv  ssusjaund  Avip
bl fo ieryy xny) ves ¥ UL WU UV RURD Y YD) Lot} d0A1Y] ¥IV
- Aud Jo wwapanuy Buiwiojues tyd pus supy A0al)
W uoIsWIL) UV eI Y
2 - nd sq
L
T o
oppen
ﬁ T
il

ROunnS 4207

e —— — —————

puo PP

xounng 42dd)}

umuoax(] 42mno]

vy (19b1) PP I

SNIVLINNO

=7

J R R dalecd




References

Lyons, J. B., 1955, Geology of the Hanover Quadrangle, New Hampshire-
Vermont: Geol. Soc. Am., Bull., v. 66, p. 106-146.

Thresher, J. E., Jr., 1972, Geochemical investigation of Pomfret Dome,
Vermont: Vermont Geological Survey, Economic Geology, no. 8,
31 p.

White, W. S., 1949, Cleavage in east-central Vermont: American
Geophysical Union, Transactions, v. 30, p. 587-594.

White, W. S. and Jahns, R. H., 1950, Structure of central and east-
central Vermont: Journal of Geology, v. 538, p. 179-220.
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- Quechee, Vermont
South Royalton, Vermont



ABSTRACT +

The straugraphic sequence of the Gile
Mountain and Waits River Formations,
two major Silurian-Devonian lithostrati-
graphic units 1n eastern Vermont, has long
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Figurc 1.

ton, Vermont.

Extent of Gile Mountain (Dgm) and Waits River
(Dwr) Formatons in castern Vermont, adapted from Doll and
others (1961); rectangle indicates area shown in Figure 7, at Royal-

been controversial. This uncertainty has
given rise to numerous difficulties i inter-
preting the regional structure of eastern
Vermont. Extensive sequences of compo-
sitionally graded beds at 19 localities across
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the Gile Mountain belt near Royalton,
Vermont, show that the Gile Mountain
Formation s younger than the Waits River
Formation, indicating that the belt 1s a
syncline.

;
|
|
|

Figure 2. Compositionally graded beds of micaceous quartzite
rhythmically interbedded with garnet-mica schist in Gile Mountain

Formation, 50 m ecast of contact with Waits River Formation in a

Pen is 16 cm long,.

Geological Society of America Bulleun, Part 1, v. 91, p 282286, 7 figs., May 1980, Doc. no. 00506.
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pasture 2.8 km west of Royalton, Vermont (loc. A, Fig. 7). View is
looking north; grading indicates tops to east, toward Gile
Mountain Formation. S, is parallel to bedding; S, is parallel to pen.
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SOUTH ROYALTON QUADRANGLE

]
.

2>,
23,
Am:b\
o
™
&
— r~
)
T
o
<
S Y
5
S &
S
Z o
O wmi
MEH
X i
Wg g
> 2
«
ER
T4
o
Z
=
0
o
R
GGar

LOE.LY

R N 3 N i P
V27N c/ N . - _ . \\ .l
\ J R A N , - +MV )
,r/ ~— } N, \ ) \‘
™~ .

C7ie

The
’Pnnnacle

IH
weydaly
P “_ (¢

N




STOP 1.

This outcropping of the Gile Mountain Formation
displays excellent examples of compositionally graded
beds. The beds here are very complexly folded and -
topping sense as inferred from the graded beds is
contradictory. Fisher and Karabinos (1980) suggest
this location represents a series of minor folds
(drags) associated with the western limb of a larger
F1 synform. The location of this outcrop may be
situated as shown in the diagram below with facing
directions showing both a westerly and easterly sense.

)

F. Synclinal Axes fo West.
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GILE MOUNTAIN AND WAITS RIVER FORMATIONS, VERMONT

- EXPLANATION

N\ Facing direction, based on
more thon 10 graded beds

x Facing direction, based on
fewer than 10 graded beds

~ Facing direction indetermingte

A’§
-3'9 h/\
\

/ S, parallel to So

Dgm / S, intersecting S

72 72\gq
Dwr JEs
\-es 78770 76 7?7562 %K
88 26 \Y45 50 Dwr
aa;é?é t IR ¥
5|+ 70
Dwr
7 Se
Dgm
Dwr 43/I/_5|;/
L e
35 Q ! 2
D4 34'2// 2 KM
22y N \.

Figure 7. Stratigraphic sense inferred from graded beds near Royalton, Vermont, m
Gile Mountain (Dgm) and Wauts River (Dwr) Formations, together with orientation of
bedding (Se) and schistosity (S, and S.). A, B, and C denote localites referred to m text. For
location of arca shown, see Figure 1,
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Formation, but some in the Waits River
Formation — show tops toward the Gile
Mountain Formanion (Figs. 2, 3). Only
three beds, presumably on the short himbs
of mmor F, tolds, show tops in thé reverse
direction.

At only one locahty (B in Fig. 7) does the
inferred facing direction appear to conthet
with a synchncal interpretation of the Gile
Mountain belt. The western part of the out-
crop displavs only a few graded beds, all
topping to the west, whereas the eastern
part dhsplays many beds, nearly all facing
east, which give an eastward-facing sense to
the outcrop as a whole. These east-facing
beds are affected by a minor F, fold with a
let-handed sense viewed “parallel to 1ts
north-plunging axus, suggesting that these
beds are on the western limb of a larger F,
synform. By contrast, the many nearby out-
crops, which are dominated by west-facing
beds (Figs. 4, S), consistently contamn
right-handed F, folds (Fig. 6), suggesting
that they he on the eastern limb of a major
Fy synform. Because outcrops with west-
facing beds and night-handed F, folds
greatly predominate m this area (Fig. 7), 1t
scems likely that locality B 1s on the short
limb of a local }, fold and that the regional
Fi synclinal axis lies to the west, near the
center of the Gile Mountam belt, as shown
n Figure 7.

At one locality (C in Fig. 7) minor F,
folds are so numerous that no overall facing
direction could be determined. However,
the graded beds show that the downward-
closing minor folds are all synclines, and the
upward-closing folds are all antichnes,
confirming that the regional F, synchine 1s a
normal upright structure.

DISCUSSION AND REGIONAL
SIGNIFICANCE

Because of the gradational nature of the
contact berween the Waits River and Gile
Mountain Formations, the consistent di-
rection of tops indicated by graded bedding
n both units, and the absence of any indi-
caton of tectonic disruption near the con-
tact, we assume that the two formations are
in normal straugraphic contact. Our obser-
vations of graded beds suggest a stran-
graphic sequence opposite to that inferred
bv Ern (1963, p. 70-71) from observanons
of mmor folds and beddimg-cleavage rela-
nons, locally combined with graded bed-
ding. However, Ern did not show his
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STOP 2.

STOP 3.

Compositionally graded beds showing a topping
direction to the east. These graded beds are
within the Gile Mountain Formation. The synclinal e
axis lies between Stop 1 and Stop 2.

Numerous outcroppings of the Gile Mountain
Formations display cross-sectional views of
compositionally graded beds most with an easterly
topping sense. Exposures of the Waits River
Formation (supposedly older than the Gile Mountain
Formation) may be seen at the western edge of the
pasture, however, no actual topping directions can
be observed at the actual contact of the two
formations. Such deficiency of field evidence in
highly folded rock leaves the question of age
relationship still begging an answer. Two
possible interpretations (for the evidence here
presented) are described in the plan view drawing
below. Synform could be interpreted as overturned
anticline if statistical count happened to involve
mostly short limb measurements.
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STOP 4.

STOP 5.
(location
R on
geologic
map)

STOP 6.

STOP 7.

Standing Pond Amphibolite.
This outcropping illustrates the structural

attitude of the strata on the eastern flank of the --

Pomfret Dome (the strike is north, the dip is east).

The rock banded and laminated rather than massive,
there are no pillows; contacts, although not seen here,
are not baked. Boudinage structures are evident.
Mineral content is primarily hornblende and plagioclase.

Origin: 1. Mafic tuff?

2. Metamorphosed impure limestone?

Standing Pond/Gile Mountain contact here is
gradational, interbedded. Sulfidic, iron oxide
staining. Contains "coticule," accumulations of
manganiferous garnet and qguartz. Mineral resource
potential, may have some relation to South Strafford
area to the north (see Thresher, 1972).

Origin: a. Chemical sediments

b. Stratabound sulfides
c. Hydrothermal ore fluid mineralization

Interior of Pomfret Dome.

Complexly folded cleavage dome structures in
the Waits River Formation. Primarily calcareous rocks.

See the associated diagrams from White and Jahns
(1950) for discussion of nappe development and later
stage domingy:

Standing Pond Formation on west flank of Pomfret
Dome. At this location the strike is northerly and the
dip westerly. This is the "right side up" limb of the
quaquaversally dipping beds encircling the dome.
Overturned limbs of the overlying recumbent fold lie
to the west and north of the dome (see Figures 10 and
11 of White and Jahns, 1950, for the Strafford Village
area).

:
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Figure 2. Traverse and geologic map. Geologicinformation taken fiom Lvons (193%)
SCALE 1 62500 . LEGEND
% Ouz-Gile Mountam Formation
0 1 2 3 4 MILES Lo
R = pm— " — Oga- Amphibolite
': . Ows-Standing Pond Amphibolite
e 9 e 500 it T 1. 1800 felo00 FEET Ow-Waits River Formation
1 5 0 1 ) 2 3 4 5 KILOMETERS - . .
Em e m e a e s — e} = - approximate formation boundary

CONTOUR INTERVAL 20 FEET
DATUM IS MEAN SEA LEVEL

o lTaverse with station indicated

NOTL
Following Lyons, the formations were assigned
by the author o the Ordovician. They are now
considered to be Devonian,
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COMPARISON OF THE
MINERALIZATION OF THE POMFRET
DOME TO THAT OF THE
ELIZABETH MINE,
STRAFFORD QUADRANGLE

The minor sulfide mmeralization noted in the Pom-
fied Dome 15 similar in composttion and - rela-
uonship to shucture 1o that of the other depostts of
the Vermont Copper Belt, and m partcular to that
of the Fhzabeth Mme at South Straftord  The
major sulfide has been found to_be pynrhotite, but
vatying amounts ol other sullides, notably chal-
copytite, have been found and mined at South
Suaffod, Vershiie, Conmth and othar localities
the Copper Belt. Most of the muineralization tound
mn eastern Vamont is along the castern flanks ol
the domal and related structures Table 1 shows a
compirison between the Pomibret mmeralizanon and
that at the Elizabeth Mine.

As can be seen in Table 1, the mumeralization is
very similar m the two areas, with the notable ex-
ception that the minerahizaton at the Elizabeth Mine
1s more extensive than that v the Pomfret Dome.
The mincralizanon at the Elzabedh Mine 15 consi-
dered to be hydiothermal in onign (Howard, 1969)
and because of the textural, sbucnnal, and mmeral-

ogical similarities between the two areas, the mineral-
rvatton t the Pomfret Dome 1s also considared to
be of hyvdirothermal onigin.

RECOMMENDATIONS

As a result of this work and the comparison of 1ts
findimgs o those of other related ameas, the following
recommendations are made:

1 Smce mimor mimaelizaton 1s present i the
amplubolite at “S” on Figue 2, dnlling should be
carnted out on the amphibolite 1 order 10 establish
the economic feastbihity of opening a mune 1n that
area. Although 1t appears that a deposit of the magni-
wde of the Elizabeth Mine has not been found
the Pomtbret Area, the posstbility exists that since
the ore body at the Ehzabeth Mine 1s plunging, this
also.may be the case m the Pombiet Dome, so that
only a small pait ol the body was seen. Only dislling
will give a reasonable esumate of the depth and
quality of the deposit,

2. 1t 15 also recommended that a program of ex-
plotation be canied out m the dome-like atcas to
the south ol the Pomfiet Dome in order to determine
il they oo concun sulhde deposits

3. The deposit of ruule and 1lmenite is considered
10 be 1oo small and the ttanium concentration oo
low to he of economic significance by today’s stan-
dards. Therefore, no furtha work is recommended
with respect 1o this deposit,

Feature Pomlict Dome

Pt ITTITITITITIIN T TR TIEITSI TIRE EITIIRTY

Flizabeth Mine

1. Oremimerals Pyrrhotte, chalcopyre

2. Mineral
occunence

Disseminated grains
i amphibolie

3. Locauonof
ore m dome

Southeastern pant

4, Lithologic
ASSOCTLON

Amphibolite in the
Gile Mountaim Formation

5. Background
copper from
cold acnd
method

6 Anomalous
copper hom
cold acid
method

1-5 ppm Cu, in so1l

25 ppm Cu maximum i soil

7. Alteration Sericitization of feldspar,

. 4

associated chlornuzanoh of hornblende
with '

mineralization

Pynhotte, chalcopyvite

Massive sulfide bands, dis-
seminated grams i schists
and coarse-gramed aggre-
gates fillimg nartow vems
and hactures.

Nottheastern part
With amphibolite but mostly

in the schists of the Gile
Mountain Formation

1-5 ppm Cu, in soil

200 + ppm Cuin soil

Sencitization of fled-
spat, formaton of bio-
ute from hornblende

Table 1. Comparison of the Pomiret Dome and Elizabeth Mine Minealization.
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LEGEND
STRUCTURAL SYMBOLS

'V Strike and dip of beds
X’ Strike and dip of overturned beds
®% Strike and dip of foliation or

schistosity
\,\ Strike of vertical foliation or
schistosity
-+ Hornzontal schistosity
w Strike and plunge of linear 0 v 2 3 &4 5 .
' element SCALE IN MILES - o
i Block diagram showing fold pattern of Standing Pond amphibolite in western portion «
| N\, Strike of horizontal lineation quﬁ)mng?g. e 5 P ) ) !
| ' Og = Gile Mountain form]ntxorla !
‘ i i i Ows = Standing Pond amplibolite !
[ > Strike and dip of axial plane Ow = Waits River formation

‘ of miner fold ]

&,. Strike and dip of axial plane
of minor fold, with strike Poove
and plunge of fold axis '

Strike and dip of oxial plane
of minor fold, with horizontal
fold axis

i ~_  Top of formation as deduced

APPHOXINATE SCALL INMLLS

! from (1) Sketch, looking south, of fold pattern in Standing Pond amphibolite in western portion ¢
% b - primaory bedding features . quadrangle Drawing by J L. Snyder. T ‘
! c -cleavage - bedding relations . Ficure 6 —RECUMBENT FoLps

d- drag folds
p-pillow structure

Of

Anticline, showing trace of
oxial plane ond bearing and
plunge of axis

J ; . / {a b
—I——> Syncline \ ) "Y""‘“‘"' S £
. \\. " 1’:-‘]{
A \;v}
10 ;

538 ;
WAL = ity
TR A
o s W RIS
A Rty 0 E

e
3
Ao ST
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- e,
-

b2
T
&S

-3

Overturned anticline, showing
trace of axial plane, direction

.\i'\ o

of dip of limbs, and bearing tor /“

and plunge of axis v '\
bes
r )
}é/ ‘Overturned synchne “,. ol
: Y
X.. Strike and dip of joints 7 \';'ln
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Formation symbols as on
geologic map (Plote 1)
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Fie 13 —Diagrammatic cast-west vertical sections showing possible evolution of structure in the
central lectome belt Letter symbols are same as in fig 12, Mectinghouse slate, neat to Monroe fault,
omitted from diagram A, cleavage arch (suggested by dashed lines representing schistosity and avial
planes of mmor folds) begins (o form, owing to upward flowage B, folds in castern boundary of Waits
River formalion become elongate and almost 1sochinal as they are brought together by continued upward
transport; faulung along west side of arch €, castern side of arca rises with respect to western, and 1so-
clinal folds are rotated into cleavage arch B and C may have occurred sumultancously, that 1s, C may
have developed directly from A by a combination of the movements of B and C, but without any inter-
vemng stage B distinct as such Cause of upward push, 4 and B, may be subjacent igneous rocks, ex-
treme flowage of calcareous rocks, or a combination of factors
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S'top #2 °

Stop #3.

Field Trip 4 Evidence of Glacial Erosion
and Deposition.

Glacial TILL deposited as ground moraine. .
This stop is on the college campus behind the construction
sight of the new language~classroom building. This type of -
glacial deposit (till) is a mixture of many different sizes of
glacially eroded debris. - Note the fine, grey clay and silt,
the pebbles and large boulders all mixed together. Such a mixture
has simply melted out of the glacial ice and remained in one area
totally unaffected by meltwater and, therefore, completely unsortc
Where this type of glacial debris, called till, iIs spread over
an extensive area it is called ground moraine., The entire college
campus is covered with this clay-rich glacial till. Contrast thic
type of deposition with that which yow will see at stop #4a.

Glacially scoured bedrock surface on exposure just west of the
campus on River Road, ‘

Note the following features produced by the scouring (sand pape
action of a moving mass of glacial ice., The rock debris (sand,
pebbles, etc.) frozen in the sole of the glacier scour the

-bedrock surfaces ovér which they move producing:

" a. & smooth polished surface , S
b, elongated scratches (striations) » #

"¢, elongated ggooves and ri¥dges.
. : G-

'Note the direction of eloﬁgation of the striations and“grogvss(
In what direction did the glacial ice move? -

Compare this with the elongaméf9atures you will éee‘at stop #3.
Drumlins

This stop is in the Black Mountain Drumlin Field near Sandanon:
(Experiment in International Living) on the Black Mountain Road,
Brattleboro, Vermont.

Note the wounded, turtle~back shaped hill, This hill is about
1500 feet long and éOO feet wide, There are several hills of
similar dimensions in the immediate area, The long dimension of
each hill is aligned in a north-~south direction.
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Stop #4.

Glacial Qutwash sands and gravels, and a Kettle Hale =

depression in the outwash plain,

a. Note the stratified sand and gravel in the bank behind

b,

the Whitcomb Concrete Block Company, South Main Street,
Brattleboro, These sands and .gravels represent a portion
of an extensive outwash plain formed by coalescing
alluvial fans that spread out in front of a melting
glacier as the eroded debris was carried and sorted by

numerous meltwater streams, These are called GLACIO-
FLUVIAL deposits.

Note large, circular depression.in the outwash plain near
the Brattleboro Union High School., There are no streams
feeding into or draining out of this depression. The

" water represents the level of the water table in the area

This depression is called a XETTLE HOLE. A kettle hole
is formed when a large block of ice breaks off the front
of a melting glacier and is subsequently burried by
rapidly accumulating sands and gravels that form the
surrounding outwash plain, As the block of ice melts,
the overlying sediment slowly slumps into the void, Thus
a circular depression is all that remains where the ice
block once stood (see cross-sectional diagram below),

v
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