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"INTRODUCTION

R'. The Strgfford quadrangle is located in eastern Vermont, north of White
iver Junction and not far west of the Connecticut River Valley. The northern

portion, comprising slightly more than two-thirds of the map area, lies in. -
, .

Orange County, while the remainin ion lies i i

. , wh g southern portion lies in Windsor Count
’_l‘hoe qu,adrangli is included between parallels 43° 45" and 44° 00’ and meri(Li]injlls.
72° 15" and 72° 30'. It covers above 216 square miles.

SCOPE OF WORK .

This paper is the result of field work carried or’i»during a month of th
summer of 1942 and the summers of 1943 and 1944. The purpose of thie
s'tudy was to map the geology of the Strafford quadrangle with the intenf
tion -of showmg the relationship of the geologic structures to ore deposits
which might possibly lead to the location of new ore bodies The _PZSleS»
therefore, describes the structural geology, stratigraphy and'geolo icp }l)nsr-’
tory of thg area. In order to acquire an intelligent m’iderstandin go‘f the
metamorphic geology, it is, of course, important that the rock series beg studied
petrogral)l11cally, and in this respect the problem of nietamorphism s bein
1nvest.1gated by Professor Jacobs, to.be reported elsewhere. In some sectionggT
mapping was carried on with difficulty; hurricane timber and lumberman’s

slash made progress extremely slow and in some places impossible. It might -

]z;Iso be mentioned that the map available to the writer was surveyed in 1896
y reconnaissance methods and contained inacc 1 i it dif

' uracies which m
to locate exposures. ) ade dlfﬁcu',t
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PREVIOUS WORK |
The Strafford quadrangle was first mapped by Prof. Charles H. ‘Hitchcock

- of Dartmouth College and might be considered a general reconnaissance study

done in the light of the geological field methods of the time (C. H. Hitchcock.
1912). He described the schists, limestones, amphibolites, and .other rocks, |
the first two types under the names Goshen and Conway, respectively.
The boundaries of the Green schist, Coos, and other formations mapped
by him, in the extreme southeast corner of the quadrangle, were delineated with

a fair degree’ of accuracy. Hitchcock observed the relation of bedding to
cleavage, which is an important characteristic of the region.-

Prof. Charles H. Richardson, late of Syracuse University, mapped the two
most prominent formations as Bradford schist and Washington limestone
in his studies of the geology of Orange County, Vermont (C. H. Richardson,
1902). Richardson also noted the relationship of cleavage to bedding (C. H.
TRichardson, 1902, p. 83).. . : ’

There are, of course, numerous articles in the professional journals and
bulletins, some of them touching upon the geology in the vicinity of the mines.

GEOMORPHOLOGICAL FEATURES )

The two important drainage channels in the region are the Ompompa-
noosuc and West Branch Ompompanoosuc rivers, both, after . confluence,
emptying into the Connecticut River farther to the east. - White River crosses
the southwést corner of the area in a.deep valley, and the First Branch White
River traverses the northwest portion of the region. These rivers flow over
limestones and schists alike, but have entrenched themselves more impressively
in the schists. The courses of these rivers are determined, in part, by the
structures.. . . : o

The- elevations in the Strafford quadrangle are determined both by rock
composition and structures. The schist terrane is, in general, more rugged
and abrupt than the softer limestone areas, which is reflected in the agricul-
tural development of the respective regions. The curving range of hills
beginning in the vicinity of Copperfield and including Patterson Mountain,
Colton Hill (the highest elevation in the whole region), and Brocklebank Hill,
is an example of topographic trend with tock structure. To a considerable
degree, the hills on the Strafford anticline trend with the structures, as is well

" shown where they turn with the amphibolite around the south end of the

anticline. . ‘
: STRATIGRAPHY

GEN-ERAL STATEMENT

Formation names appearing in this paper have been taken from local
topographic features, and' it is realized that some of them may sometime be



N

16
. REPORT OF THE VERMONT STATE GEOLOGIST

al}andon'ed n favor of preoccupied names
with adjacent areas have been made.

The vast majority of the rocks of the Strafford qi !

' - f adr i
L;;lasl?m]il]:l;Ofsoe;}ni?;?ems anq volcanics, anfl comprise z(linilmab;gleofcﬁ?hsﬁgg?é
D Cerfafangel in age from middle Silurian-to lower Devonian
legony, poe Cert n volcanics in the Durkee. Hill greenstones (see ma'
\,iTle fOI-;1]atio;] G fztg’lelcllmvalent of the Post .Pond member of the Orfordl?
e sormation ( t.he .)im;( éy, \19_42);“may be. mndslle Ordovician in age. The
tes or poct-evene | inuslvesf m the Durkec Hill greenstones to be either

cor host Deve I;OS%S Zage,» ’orkreasons to be‘_exp]ained later in this paper.
which enable them o be quite éasly followed for sossideranst gse s S
excellent horizon-markers reveal much of the (c:)(r)l1C1;))Illes;d:tri?gtifr]:eﬂ(?fniﬁi rt};ese
 region.

.\ll mcrease m tlle 1mte lblty { metan ('Il)hl 111 ha l)eell no e(l m “le S ll]s l om
ter ot'metain
S S
; C ts N

» when more accurate correlations

MEMPHREMAGOG FORMATION

renc’l;hi?] ?;I]thgéhirs:]igog folrmatxon was named by the writer from its occur-
il Vermo,%t Iovt:;r.ec b){ the quadrang!e of that name, in the northern
pert of Vermo - In this region the for‘matlon comprises a great variety of

gic types. including limestones which have yielded fossils. The'li}:n:

stones are, therefore, considered a key -horizon in

ones ar the Memphremagog

The lime ] he - : |
arenaceousngifj,ﬁl ::zd schzst:‘-—.—'.l‘he' Memphremagog formation consists of
arenac > @ ceous dQ]On]l.th limestones a’nd intercalated mica schist

imestones are fine- to medium-grained, light- to blue- ,
ﬁ?:s]f.zssmg a noticeable luster imparted by mica flakes and thegrc?’};st

i 1 1

'diSp]a;ien;m:;e;:;.boga(llatg commonly occurs in small veins and blotches, often
from fissility to as :n:cz]i‘s tgrljeee fl]:)l(?kt};essei Of’ e moee oy eds range
The thx;kness of the Memphremagog for1112:io§eits lél]iﬁt‘ihcilltnore bm
mtensg folding, but that -portion occurring on the o u
been estimated by the writer to be about 8000 feet

Upon a i i i
o g)c ppr}oach to its contact with the schists, the Mexnphremagog forma
com reast : inte .
pon b es mczgasmgly arenaceous and intercalated with greater amount
) sty, coarse mica schists.. Likewise - the
K a schists.. Likewise -limy layers occasi i
oy, cirse mica o Likewi yers occasionally occur in the
Sug‘"cq ! [ff,u%' S'(.hlbib. to the east. These changes. in the lithology of the beds
thC:“}u} .{ 1.\111()1-1 zone between the calcareous formation to the wes{ and
stheeous formation to the cast. The ih clicy
: st.Lhe eastern siliceous formation is i
e silice mation to S 15 tormation is bhelie
c%iolc, to lic conformably upon the western calcareous strata, ehieved,
he age of \Y i .
cvidens g; the ?\T.emphremagog formation has been determined from fossil
¢ .c1scovered in the Waits River limestone member i
-ake Willoughby to the north (C. G. Doll '
middle Silurian age for the formation.

and often’
allinity of

assive layers,
ain because of
Strafford quadrangle has

1 the vicinity of
, 1943). " These fossils indicate a |
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The Standing Pond amphibolite.—~This is predominantly a ncedle amphibo-
lite and an excellent horizon-marker. It has been named {rom the fine ex-
posures impounding the waters of Standing Pond at its west end. It has
been found to occur either éntirely in the limestones or along their contact with -
the mica schists. Because of this stratigraphic relationship the Standing Pond
amphibolite is considered a member of the Memphremagog formation.

- The Standing Pond amphibolite is thought to be a metamorphosed volcanic
or an altered sediment. It is commonly a fine- to medium-grained, greenish-
gray or black rock, depending on the minerals present. Banded hornblende
schists are frequently encountered with lavers -one-fourth to onc-half inch
thick. Occasionally this amphibolite becomes coarse at the contact with other
rocks as well as away from them, where it often contains prominent amphiboles
helter-skelterly strewn in a groundmass of basic feldspars. Orientation of
the amphiboles parallel to the schistosity is much more prevalent in the fine-
grained amphibolites and- hornblende schists than in the coarse-grained

amphibolites. : ' _
Among the other prominent minerals present in these amphibolites are

garnets. They occur as porphyroblasts up to two inches in diameter for vary-
ing thicknesses at the borders of the amphibolite with the adjacent beds.
Epidote is present irregularly and in veinlets occasionally continuing several
feet along the schistosity or fractures. In places epidote is associated with
light gray feldspathic.areas often containing ilmenite. 1t.is into these feldspathic
areas that oriented amphiboles converge and hend. ‘

Solution grooves and pockets are exhibited by many of the amphibolite
exposures. These occur in the limy portions of the amphibolite,.due to the
weathering of calcite. Calcite is frequently developed. along the schistosity,
which accounts for the parallel orientation of these solution cavities in many
instances. Calcite occurs irregularly in many of the quartz veins, sometimes
composing”the extension of these veins entirely where they pinch out.  Where
the amphibolite shows a grcat' deal of contortion, the quartz veins are often
mineralized, containing such minerals as ilmenite, magnetite, hematite, and
pyrite. ' ' '
The thickness of the Standing Pond amphibolite member varies from about

10 to 300 feet, due to thickening and thinning along the strike, probably caused
by folding. Where it is not interrupted by faulting, this amphibolite has
_reasonably good continuity along its strike, .

Mineral prospects are numerous in the Standing Pond amphibolite (see
map legend).  The majority of them, however, do not appear to he very
encouraging, for, where present, the sulphides are sparsely disseminated, and
the mineral chaleopyrite, desired for its copper content, is more often wanting.

The coarse garnet schist—The coarse garnet schist-is associated with'the
Standing Pond amphibolite and like the latter, it serves as an eadily traceable
horizon. It ordinarily accompanies the amphibolite along the contact with the

limestones. However, in a few places it was observed to lie well out in the
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limestones, ’
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sandy schists carrying staurolites, in the eastern part of the belt. the schists
become increasingly micaceous and coarser to the west, where they contain
kyanite and some sillimanite. Garnet increases both ifi size and quantity to
the west, frequently staining the schists a reddish-hbrown duc to weathering.

Bedding is generally absent, but is visible locally in contorted quartz veins
between thinly banded layers in the tightly compressed drag-folds, and occa-
sionally in narrow layers differing in texture and color where the beds flatten
out (Plate IV, fig. 4). Itis on the ‘steeply dipping limbs of the minor folds that
the bedding practically coincides with ‘the dip of the schistosity (Plate 1V,
figs. 1-4). ] oo .

The coarse am.ph'ibolites.——Predomi-nanlly coarse amphibolites conformable
with the schists become increasingly prevalent in the western portion of-the
schist terrane. - These amphibolites are ordinarily massive with black or dark-
green amphiboles which are usually without orientation. The hasic feldspar

~matrix is sometimes quite calcareous.

The coarse amphibolites do not have the continuity of the Standing Pond '
amphibolite, but pinch out along the strike at varying distances. ~The .dis-~
_continuity of these amphibolites may be due to folding and stretching. Layers
of quartzites have been observed to thin-and finally pinch out along the strike.
Tn many respects, the coarse amphibolite Tésembles the Standing Pond am-
phibolite. The lithology of hoth types does not appear to differ radically, and
in several exposures near the western border-of the schists the coarse ariphibo-
lites are associated with needle amphibolites corresponding to the Standing
Pond amphibolites. It is possible that the coarse amphibolites and the Standing
Pond amphibolites had a similar origin, and that the differences in textures
generally is due to thieir association with different types of rocks, and the fact
that they lie in metamorphic zones of different intensities.

Measured from Gile Mountain to their contact with the Meetinghouse,
slates east of New Boston, the Gile Mountain schists have an estimated thick-
“ness of about 6,500 feet. The Gile Mountain schists are lower Devonian
in age, based upon fossil evidence. (C. G. Doll, 1943). :

Meetinghouse slates.—Gray and black, micaceous.slates which are grada-

tional westward into the schists, comprise the Meetinghouse slates, a member

of the Gile Mountain schists. The name comes from Meetinghouse Hill on
the Strafford quadrangle, a part of which they occupy. Interbedded with the
slates are very thin quartzite layers, some of which are carbonaceous in appear-
ance. The slates possess excellent cleavage which is sinuous along the strike.
Much of the slaté has a distinct brownish stain, due to the presence of
weathered pyrite. _ ‘

The Meetinghouse slates overlie: the Gile Mountain schists. They are
isoclinally folded with a slight overturn to the east, and rest against the Monroe
fault. Because these slates are transitional into the schists, they are correlated
with the schists and are, therefore, Devonian in age. The possibility of measur-
ing the exact thickness of such intricately folded rocks is remote, but an esti-
mated thickness gives about 1,100 feet.
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DURKEE HILL GREENSTONES

. Between the Monroe and Ammonoosuc faults lies.a tract of greenstones
named Durkee Hill greenstones, after the highest elevation in the tract, known
locally as Durkee Hill. The best exposures of these greenstones occur on
this hill. _

The Durkee Hill greenstones consist of a complex of basic and ultra-basic
intrusives and volcanics. They range in color from gray through various
shades of green to black. They are massive and schistose, fine- to coarse-

grained. = Prominent.among them are chlorite schists with well-developed”

schistosity. The more or less massive chloritic rocks contain large, often well-
formed crystals of pyroxene, feldspar, and amphibole, some of the. pyroxenes
an inch long. Feldspar inclusions are present in many of the pyroxenes.
Streamers and irregular areas of epidote are fairly abundant. A light gray
feldspathic gneiss occurs irregularly among the greenstones.

If the volcanic members.in the Durkee Hill greenstones afe to be con-
sidered the equivalent in age of the Post Pond member (J- B. Hadley, 1942,

p. 119), then there are rocks representative of more than one geologic period -

composing the greenstones. “However, the presence in the greenstones of
inclusions of Meetinghouse slates, some of them huge folded'blocks, 1s the
evidence that places the greenstones in the late- or post-Devonian. These
inclusions are confined to the western horder of the greenstones and conform
to the regional structure. Bedding is excellently preserved in soime of them.

BROCKLEBANK GRANITE

The Brocklebank granite acquires its name from Brocklebank Hill four
miles south-southeast of the village of Chelsea. It is a medium-grained, light
gray, -binary granite. Good exposures of the granite can be seen in several
~ quarries in the vicinity of Brocklebank Hill, the largest opening being in the
_ hill itself. , ' o .

The granite in the quarry on the east side of Brocklebank Hill is traversed
by sets of joints striking northeast and northwest and with dips to the south-
east and southwest, respectively. Some of the joints.are mineralized ; one
dipping 78° SE is coated with large biotites, and another dipping 44° SW
shows a development of pyrite, ilmenite, and tourmalines in a layer of quartz.
However, not all of the joints having these bearings are mineralized. '

Granite dikes and sills are numerous in proximity to the ' Brocklebank
exposure, and throughout. the lirhestone area as well.  They vary in thickness
from a few inches to tens of feet, and are usually fine-grained to aplitic, occa-
‘sionally ending in quartz veins.” The granite is cut by pegmatite dikes and
incloses areas of pegmatite. Granite dikes were obseived to cut the Gile Moun-
tain schists 114 miles southwest of Standing Pond. They have been correlated

with the Brocklebank granite because of similar _lithology and structural
evidence. -

\
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nite | ks of lower Devonian age. it
Because the Brocklebank granite intrudes rocks of lower l)c\l;nnn.as -
must be either late- or post-Devonian. The writer favors a late Devonian ag

on the basis of structural evidencg.
" BASIC DIKES AND SILLS

Several varieties of basic dikes and sills occur in both the Gile lx'lgu:taltg_
schists and the Memphremagog formation. They are blad\l al_u, dnran 0
medium-grained.” Some of them carry sulphides. Those observe g

“frot 34 to. 30 feet in thickness. = A dike with a visible thickness of 7 feet cuts

irection, i : ord brook
the Gile Mountain schists in an east-west direction, in the bed of Lor (! )

iles “lizabeth mine. .
1% miles south of the Eliza . ower Devon o the
< ower Devonian age, y

Since the youngest rocks they intrude are of

fec late
ire considered younger. They appear not to have been affect_ed by(;he jace
:Ii)evohian orogeny and have, therefore, heen made post-Devonian.  (Une ¢
could be traced along a straight course for a distance of 400 feet.

- PEGMATITES

H -, rere S g 1a-
Pegmatites appear to be restricted to the arca L().\-el.f.d by the I\AIemplmiln :S
oo formation. They occur in irregular arcas within the .gramtes,t anvCim
%l'il?es cross-cutting granite sills and the sediments, mc]udxng quar .z‘ Od;
ross- h 7 : ~ s
aralleling the schistosity. The pegmatites are the youngest ot lt'he alc)l(\.(rmia" |
-'gnd were very likely intruded during the later stages of the late De
orogeny. . -
[n thickness the pegmatites are
feldspar, and muscovite. Ina te;.w cases,
as garnets and bundles of amphiboles.

QUARTZ

- r
Quartz is present in all the rocks of the Strafford quladlangfle. Iglé)cu;tlsl
hi a with
i 1 ' 1 nasses, which are mostly coniorm ith
- in veins, lenses, and irregular n , 2 Ao
' istosi i Some quartz veins cut across .
the schistosity and bedding. . e s marallel
' erations of quartz present. .
doubtedly, there are several gen . : B, e the
istosi : 1 f the sediments is probably orig !
the schistosity and bedding o sedim 1
1;(()ediments * Some quartz veins are pegmatitic, carrymng small amounts. of white
feldspar and muscovite, and represent -1Ftr(:jd11c§d quz:)xf'ttzl.] e contain flmenite
1 ineralized. Some ,
Many of the quartz veins are miner . mere
others pzrite not so often chalcopyrite, and still others carr_yé?xgmahfnek. a'll;ite
: i ins 1 i ades of ky
i i the quartz veins is kyanite. of kyat
most conspicuous mineral in s 15 ’ ad 2
lwith its clll)aractéristic blue-white color. occur in sheaves, of w hich individual
blades sometimes attain a length of 5 inches or more.

STRUCTURE

GENERAL STATEMENT

i : nticline.
d quadrangle.is the Strgﬁord antic
described 7))" C. H. Hitchcock (1912,

usually under a’ foot and carry quartz.
accessory. minerals are present, such

The major structure in the Straffor
This anticline has been observed and
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p. 113). However, the most striking and complex structural features on the
quadrangle are, what the writer has chosen to,call, the zig-zag folds. They
are exhibited by the Standing Pond amphibolite near the village of Strafford
and to the northeast. One can, perhaps, best imagine them by bending his
outstretched arm part way toward the body, then rotating the forcarm ostensi-
bly through 180° to produce the inverted limbs. .

~ With the exception of two prominent faults which cross the southeast
corner of the quadrangle, faulting is subordinate to folding. Minor faulting
occurs as small displacements to be measured in inches, often clearly shown
by offset pegmatite dikes, quartz veins, and beds. Drag-folds plunging pre-
dominantly to the northeast are common throughout the whole region. Granite

trusions occur in the northwestern part of the region and mixed basics in
the southeastern part.

THE STRAFFORD ANTICLINE

The dominant structure in the Strafford anticline is schistosity which is

essentially parallel to the bedding, excepting where the bedding deviates from

. it in minor folds. The dip of the hedding is often less steep than that of the
schistosity. but the reverse condition also has been noted. By and large, the
dip of the schistosity is steeper where the beds trend north and northeast than
where their trends are west and northwest. From the axial region of the
Strafford anticline eastward, the dips of the schistosity increase, hecoming
vertical at the Monroe fault. )

The Strafford anticline has a north-northeast trend in conformity with the
regional trend, and plunges in this direction. It is deformed in its northward
extension, as shown structurally, and by the course followed by the anticlinal
axis. In the “oval” of the anticline, the axis lies, slightly to the east of a
center line, which; along with average steeper dips on the east than on the
west limbs. reveals a slight overturn to the east. The crest of the anticline is
‘more easily definable in the “oval” portion than it is north of Kibling Hill
where the anticline broadens and gradually loses its identity. - West of the
village of South Strafford the anticlinal ‘axis turns to the northwest and at
Kibling Hill it resumes a northeasterly direction. = This fold in the anticlinal
axis suggests two periods of folding, further evidence for which will be dis-
cussed elsewhere in this paper.
~ The younger Gile Mountain schists flank the Memphremagog formation
on both-sides of the “oval” section of the anticliné, but farther northward
they lie only on the east and northeast flanks. The Gile Mountain schists are
believed to have had a greater westward extension formerly, and to have since
heen eroded. The serrated hor’thea_st-trending cointacts between the Gile
Mountain schists and the Memphremagog formation northeast of the village of
Strafford are due to folds plunging at low angles. Contacts along the strike
of the formations are smooth. A glance at the accompanying geological map
will show the Standing Pond amphibolite to be in the limestones farther from
the schist border to the north than to the south of the village of Strafford.

'
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which ultimately r_esulteq in the production of the zig-zag folds and the distor-
tion of the Strafford anticline. The steep dips at the south end of the major

anticline, in contrast with those to the north, are also suggestive of forces

'thltr;g mla southerly direction. _ The fairly symmetrical oval shape of the
1 ’u rern half of the Str?.ﬂ‘ord anticline causes the suspicion that it is underlain
- by an igneous body which was intruded from a northerly direction

It m st ¢ 5 i
has been suggested that a shearing couple applied in a northeast-south-

west direction might have caused the formation of the zig-zag folds. Thi
wgul(} fit th‘e\case,vcry well and would appear to have suppgrt‘ i?] th ( 5 g 'd“j
minor faultl_ng along northeast-southwest fractures, and in shear ; leLOl1 .
'Wthh, faultlAng and mineralization have taken pla’ce n thé E(liz:l()):tcis mine.
[hat the rocks have undergone plastic flow is in evidence both ir; the]s:llli];teé

and the limestones, especially in the latter. Intercalated schists and quartz

c;l_re fr(;qt;]emly seen ruptured and drawn apart along the strike, due to attenua-
111311;0 tde 1b'ed.s caused by plastic flow. Good examples of thinning along the
hmbs and thickening in the saddles of folds may be seen in the Elizabeth mi
The ore behaves structurally in the same way: It appears concéival le “Ine‘
a_,shearmg couple active in rocks under a great load could have fom)medtt]P?é
zxg‘zag.folds. For reasons cited above, the writer is inclined.to favor the
conception of unbalanced stresses applied from northeast and southwest di
tions, the greater stress coming from the northeast. oo
o ;I‘he :inali)nner in which the zig-zag fqlds were formed may be rather cr{:dely
plained by archmg.a conveniently wide strip of paper with its axis parallel
to that of th Strafford anticline. Since it is conceived that the ori inaﬁ trend
of the anticlinal axis conformed with the regional structures andgtl ;en
had a pres.umably undistorted north-northeast and south-southwest, tr]eerg Oie,
arched strip of paper should have the same orientation. This stac'en' ’ :l:e
analogy represents a section of the Strafford anticline as, it ap earz.d l:t th e
end of an .earhc.ar period of folding and before the formation of thepzig-zag fold]se
o i\Iow imagine stresse§ opppsing each othe_r from the northeast and 50uth:
est, respectively, or a shearing couple practically paralleling the axial trend
of tl.1e anticline.  Incidentally, the folldwing sequence in the analogy of etlfll
;old.m'g. can best be dgmonstraied by using paper with a great a%leount oef
f;);llblhty.TlForceé acting in the;se directions constitute the second period of
4 ding. The next procedure is to apply the northeast-southwest directed
stresscs, mtber simple compression or a shearing couple, to the properl
oriented antxclipal section. If the stresses are correctly ap’plied thepaxli)sro}g
tl.1e fo]decl section soon will be seen to bend horizontally into a n’orthwe‘ste 1
(hrectlol_u_. This cross folding is continued until the paper model has be]ey
brought into a position simulating that of the original fold. During the pr <
of deyelopmg the northwesterly bend in the anticlinal axis andges-' eclzaﬁces;
sg?{ncxentd resistance 1§ employed, either actual or imagin;tive thep'strezsels
\\.l oy e & - . !
Zig_zzéofoli(clz’ the type of folds exhibiting a zig-zag pattern, herein named

The Standing Pond amphibolite and the coarse garnet schist already have
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been referred to as excellent horizon-markers. This distinctive characteristic
is especially valuable in disclosing the most complex structures in the region.
North of Gilman Hill the Standing Pond amphibolite is concealed under the
Gile Mountain schists, appearing to the nortlr in a few places along the contact
of the schists with the Memphremagog formation. From Gilman Hill south-
ward to the first abrupt change in strike this amphibolite is in the original
order of stratigraphic sequence, with the accompanying coarse-garnet schist
underlying it, but from this first abrupt turn northwestward 1o the sharp bend
134 miles northwest of the village of Strafford the stratigraphic sequence is
overturned, with-the coarse garnet schist overlying “the amphibolite.  The
Gile Mountain schist also shows a reverse order along-this limb. Tn their
southwestward trend to Grannyhand Hill, the beds are again in normal strati-
graphic sequence, but an overturn exists where they once more trend north-

~ westerly to the north end of the village of Strafford.

Continuing from here northwesterly into the area of the limestones, the
amphibolite appears to be concealed, but a few folded exposures of coarse
garnet schist with variable dips have been recorded on the southwest slope of
the spur trending southeasterly toward the village of Strafford. On the slope

~ directly west of the village of Strafford the same- inverted horizon continues

_its northwest strike in an overturned fold, returning southeasterly as beds
right side up and terminating on the same slope just south of where they
began. From this point along the schist-limestone contact on Grannyhand -
Hill to the brook about half a mile southwest of .the summit of Whitcomb
Hill, the Standing Pond amphibolite occurs in limited exposures in two places,
the coarse garnet schist apparently being entirely absent. , .

This normal stratigraphic. sequence continues around the “oval” of the
Strafford anticline, but here the schist underlying the Standing Pond amphibo-
lite does not carry the large garnet porphyroblasts. Slightly more than half a
mile north of Standing Pond the underlying schists again carry the con-
spicuous garnets which are continuous into the Randolph' quadrangle. North-
ward the horizon-markers continue in normal order until they return on the
southwest.side of the narrow, curving fold appended to the overturned syncline
of Gile Mountain schists bordering the “oval” of the Strafford anticline on
the west. For a short distance on the west side of the re-entrant hetween the
syncline and its appendage fold the beds are right side up, but in rounding
the north end of the syncline they become inverted again. They continue in
this relationship southwesterly for about 3 miles when the structure becomes
somewhat obscure. - From the White River valley on, the coarse garnet schist
appears again, but bordering the Standing Pond amphibolite on its south-
east side. )

Tt will be noted that the zig-zag folds on the northeast limb of the Straf-
ford anticline are overturned to the southwest, and the narrow, arcuate,
appendage fold on the southwest limb, to the northeast, and that these folds are
more closely folded and overturned near the anticlinal axis. The plunges of
the zig-zag folds are in the direction of dip of the beds, and if coincident with
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the dip of the beds and having equal values on both limbs of the fold. the beds
will be parallel and will not meet when projected to restore their original extent,
However, it is unlikely that such -agreement in the dips and plunges in this
“type of fold exists, although it might be approximated, when the projection

of the beds would have great length. The zig-zag folds on the Strafford

quadrangle very probably were closed at one time in their history.

s

FAULTS

Two prominent faults cross the southeast corner of the Strafford quad-
rangle in a_southwest direction. They are the Ammonoosuc thrust and the
Monroe fault. the former extending about 114 miles on the quadrangle and
the latter about 334 miles.
description by Billings (1937, p. 525-530) and Hadley (1942, p. 154-156).

On the Strafford quadrangle the Ammoncosuc thrust forms the contact
between the Durkee Hill greenstones on the west and a narrow tract of quartz-
mica schists and quartzites on the east, correlated here with the Gile Mountain
schists farther to the west for reasons of lithologic similarities and structure.
The beds southeast of and including much of the Meetinghouse slates dip to
the northwest, the dips hecoming gentler to the southeast. Northwest of the
Meetinghouse slates the dips of the Gile Mountain schists are eastérly. These
contrary dips indicate a syncline (o the southeast of the Strafford anticline.
They also show an overturn to the southeast and the minor folds indicate a
plunge to the northeast. : .

Bordering the narrow area of Gile Mountain schists.on Blood Mountain
are amphibolites closely resembling the Standing Pond amphibolites. Because
of similar lithology and stratigraphic position, they have been correlated with

' the Standing Pond amphibolites. The writer is of the opinion that in pre-
Ammonoosuc time the Gile Mountain’ schists on the east limb of the syncline
extended farther to the northwest and that much of this formation is now
~ concealed by the Ammonoosuc thrust. It appears, then, that the width of
the syncline was much greater before the development of the Ammonoosuc
thrust. ' i

The Durkee Hill greenstones overlying the thrust are strongly contorted
and sheared, and contain much quartz in proximity to the fault contact. Layers
of quartz on cleavage and fracture surfaces are often slickensided. Minor
faults trending-athwart the strike of the cleavage, shown by quartz stringers,
have heen recorded with small displacements measured in inclies. The under-
lying Gile Mountain schists are likewise sheared and contain slickensided
quartz on the surfaces. The schists are fot as contorted as the overlying
greenstones.  The Ammonoosuc thrust follows a straight course in depres-
sions elongated with its strike. which is southwesterly.

The Monroe fault lies hetween the Meetinghouse slates on the west and
the Durkee Hill greenstones on the east, and passes through Union Village
where it crosses the Ompompanoosuc River. This -fault is detected by a
stratigraphic break and’ excessively. steep dips, many of them 'vertical, along

The Ammonoosuc thrust has been given detailed
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anticline. These shear planes gave rise to faults, along some of which ore
mineralization has taken place.

The Monroe fault developed  at . approximately
Ammonoosuc thrust and, because of its steep dip, is believed to intersect the
latter at depth. The dip of the Monroe fault is unusually steep, which is

accounted for by folding. Basic intrusives probably accompanied the faulting

along the Monroe fault, invading older volcanics (probably Post Pond of

Hadley, 1942. p. 119), and rafting fragments of Meetinghouse slates of
Devonian age. . -

Basic dikes and sills were intruded into the sediments throughout the
eastern portion of ‘the area sometime.in the post-Devonian.
time, erosion became the dominant geologic agency and, continuing into the
present, has exposed the rocks and their structures as we see them today.
CORRELATIONS

L

The Memphremagog formation appears not to be presént among the
formations of western New VH'ampshire, unless the middle Silurian Fitch
(Billings and Cleaves, 1934, p- 415) represents a change in facies of the
Memphremagog formation eastward. .Both' formations have yielded fossils’
of middle Siluriai age. The overlying Gile Mountain $chists strongly resem-

“ble the Littleton formation (Billings and Cleaves, 1934, p. 418) lithologically

and, like the Littleton formation, rests upon beds of middle Silurian age. On
the basis of fossils they both belong to the lower Devonian. Because of these
relationships, the Gile Mountain schists are believed' by the writer to be the
equivalent of the Littleton formation. : .

The Albee formation and Ammonoosuc volcanics (Billings, 1937, p. 472,

. 475) are missing on the Strafford quadrangle. "This appears to be due to the

northeasterly plunge of the Durkee Hill greenstones which they would be
expected to overlie. :
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ing one “monster,” 1.45 x‘l,SOamgn(iloc'1 n?fmy x.epoblasts Of- grossularite includ-
i of iron oxire i X 130 A.l in size, s.hghtly chloritized and containing
o t};‘i band speiim. e nOted.. mandite is not seen in the slide but occurs
e si :
Accessory3ijsinl:rci;1§d§rquar]‘tz, ortP.loclas.e,. and plagioclase nearest to
eessory miner s are sphene, chnozomtff, a few grains of ilmenite
ol Lc.o:\ene,wcarbo_nate, a few apatite needles, and zi S
’ 1atcopynite grains are abundant-and as large as~0’ 85x 085 m
amount of pyrrhotite is present. el dust noed
other slides is lacking here.’
of the sulphides; thin films o
The rock is a very pure a

! tl'l of Old City. The hand
phibolite with a few fine grains

s fresher and only slightly chlori-

andesine.
somewhat

e ] ; a‘smaller
The fine mineral dust noted in most of the

fl\/{.uch iron oxide ha}é resulted from the oxidation
t.1m(l)'mte are seen in the crystal boundaries

ctinolite-schist : a quartz-a iboli .

Almandite zone, S mphlbome'

THE COARSE GARNET SCHIST (page 1})

Location -2, i
CD-2; section 577; McMaster Hill, near the contact with the am

phllzl?llltelbelt shown on the geological map (Plate IIT)
] : . .. ‘ :
e hand specimen shows a sericite schist in contact with a dark schi
t schist

! FeaOz, Al:Oz, TiOs. MnzOs. Of course

exis a lar : .
ist as FeO. arge part O_f the iron (even the whole of it) may

The manganese he- . .

phibolite is probably actinolite, -
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containing red and black garnets which, in the field, reach 2.5 inches in diame-

ter. . . -
The slide reveals an exceedingly coarse garnet-quartz-biotite schist of

.grano-folioblastic texture containing very large metacrysts. The garnets in-

clude small grossularite grains and larger almandites (maximum 0.5 x 0.6

"mm.). The garnets are much compressed, fractured, and contain inclusions

of quartz and some zoisite. Some of the cracks are filled with pyrite and pos-
sibly chalcopyrite, which. shows that these sulphides are younger than the

garnet.

\

The quartz occurs in elongated grains showing strain shadows and 1inclu-
sions. It is probably the second mineral in abundance; the grains are as. large
as 1.3 x 0.8 mm. Large sections. of andesine-plagioclase, a small amount of
sericite and a few grains of microcline also occur.

Biotite is large in amount and occurs as fairly well oriented laths, maxi-
mum 3.2 x 0.9 mm. Grains of clinozoisite with its abnormal birefringent

- colors, rutile, spinel, and zircon are noted. A good deal of graphite dust and

a great deal of sulphide dust are scattered over the slide. More or less iron
oxide has resulted from the oxidation of the sulphides. No hornblende is pres-

“ent ; chlorite has been used up in the production of the garnets and biotite.

Almandite zone. . : : , ,

THE LIMESTONES AND SCHISTS (page 16) -

Location CE-9; section 580. The specimen came from a location about hve-
eighths of a mile south of McMaster Hill, near the amphibolite beit. The ‘hand
specimen is a schistose limestone with gray and yellow bands and weathering
dirty brown. It freely effervesces with cold, dilute hydrochloric acid. Its
structure is, schistose and its texture grano-folioblastic. :

The section shows a mosaic of fine, ifregular sial grains as large as 1.2 x
0.70 mm., much compressed and outlined by films of limonite. The mosaic is
crossed by narrow, oriented laths of bleached biotite and a small amount of
muscovite. Maximum biotite laths measure 1.8 x 0.90 mm. Calcite forms
about 50 percent of the section. ‘ ' :

" The sials are: quartz with finc mincral inclusions, orthoclase about equal
to it in amount, a.subordinate amount of plagioclase and a few grains of micro-

.cline. A few small grossularite garnets, tourmalines, and possibly apatites are
noted.  Much pyrrhotite and magnetite occur in-fine grains, stringers in the
schistosity, and knots.’ Considerable graphite is noted. '

The rock is a silicious biotite-calcite schist. It-bears out Professor
Doll’s suggestion of “‘a transition zone between the calcareous formation (Waits
River limestone) to the west and the silicious formations (Gile Mountain
schist) to the east.” The influence of the adjacent amphibolite is seen in the
development of biotite and magneétite.

Grossularite-garnet zone.
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Locatl()llr '; ‘ 10 ; 21 ‘ vV . [ 1€ han
SE 3 section 58 y about ...A l]]l]es S. . Of COpperaS Hl“ I 1 d
4

specimen is a light-gra i ith 1 mi
o ohide cxaine gray gneiss with included mica foliations. It is- full of fine

e sect W g ssose struct 1re and gr 10+ ()]l() asti textur with
I]] €ction ShO § a gnel
ure d s at ,f b] C t e, l

llletaCIyStS 0{ mica Cal ite n a {ew “lal] IOSSUIal ites. Ihe Slals gleatl}
3y [ a d S
g
])I CdOlIllllate a"d are ql.laI tz, or thOC]aSC, a“d a S[“a“ developlllellt Of plagIOCIaSC.
Ihe SIalS are fIO]“ 5..; X 1.4 mm. to tlle ﬁ“e 1ze they are gellela”y
st gl aims i s ’
g S S .
el()ll ate([ all(l S]l()W train ha(lows ] lle micas are S”la” In amount and are

levalllu ly I) e 10tite 1 fla ment. y tll an ]aI er asses IJ I'Tow
p g leach d b t1 n g entar Ia S d g masse
N a

muscovite and.bioti 1

pruscovits OCSUE;OFltef laths outline the sial grains. Calcite, maximum 0.

03 gm;su]arite;zn Jagm?;nary grains some of which aré twinnezm A6f8 v

. smaller zircons ar N i , en

e Srasoularites : er 7] e noted.~ No chloritization h

P otite a ooe astge3§e}c(tz)qgsls full of s,ubhides, including chalcopyisit::azsg

byeeh g . .25 mm. and diminishii ‘ '
Tlls dust occurs as sinuous, trains in the quartz 1 f0 the finest dust: Some

. he r?ck is a2 quartz-orthoclase-mica gneiss. ' |

rossularite-garnet zone. ' '

~GILE MOUNTAIN SCHIST (page 18)

Location SD-27; section 388 : n¢ ' : 4
'milgls‘lwelst o so;t?fcotflnggiir,agleﬁrmsumm1t'Qf Morrill Mountain;
‘The hand specimen is a com s ; i

ot S, ‘ compact, silvery-gray, schisto /i i
A o Sectior(l)fsggsvsng:;l}te and sulphide grains', and ife;t?feti:;t;rguca
with fragmencary e 2 8 1sftos§. structure “and grano-folioblastic text e
brites s o er Théy '510 mica and zoisite, and scattered small gro o
o Tt o e 1513. S wluch_gnclose these minerals consist ofg oty
, as large as 0.55 x 0.25 mm., generally elongateciluz:]tczl

- ¢ ericite (n aximum ()()8 X (’2 ; mimn ‘he
. cas are blOtlt and S N

Si[a]“e( I l mi 1 € 1C1

fOllllE:l pledo‘“"lat“lgy ge“elalh m ( )

, Grqssulgrite garnets (0.08 x 0.05 ma
section in oval and elongated grains
17 x 1.3 mm. in size, :

about 114

t'hm lat;hs outlining the sial grains. -
x(n)mum sne}) are scattered through thé
o "gated grains. ne blastopoikilitic almandite appears
showing some retrogression to chlorite , ég‘teted e e and Jrihoclase aﬂCi
howin . ‘ : e. Fragments of inif 8
Th;eS.mllcas.‘ f(‘}Ir]znns of rtile and zirconbare also rll)c?tr::imlte are assoctated
1als are full of grains of 1 i .
. ' , magnetite n i ‘
pyrrhotlte'and perhaps chalcopyrite gdust puch altered to hematite, and fine
.F.rom its silvery appearangce ,
.sericite schist. - :

Almandite zone.

the rock ‘ i
3 may be classified as a garnet-biotite-

Location CF-3a; section 5

e 4 . 84; south slopé of Whitcomb Hill, in the small am-

Ihe ha“d specimen 1s a ray Coalsely la“““ated IOCk Vvlt]l ﬁ“e da[l\
p J ’
g !
ba“ds, Stud\ded “llth Sllla“ al“]andlte gal IletS, lalgeSt 5 nm. dla"]etel. Ihe
g €1ssose st ang g - D tic teXtUI 1 l -
S€eC t]()ll S]l() VS a Nneisso structure AN 1 rano fOll()] 135 €. I-lle s1als

»

“altered to quartz and sheaves of penninite, thus show
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are made up of alternate bands of coarse and fine grains ‘from 1.3 x 0.8 to
0.05.x 0.05 mm. in size, somewhat elongated and oriented and showing-the
usual strain shadows. Quartz predominates, orthoclase is present, and there
is considerable plagioclase, nearest andesine. . _

The section contains miany metacrysts of which those largest in amount are
almandite garnets, the largest 44 x 1.2 mm. These almandites are largely
skeletal but subhedral crystals-are also seen. Some of the garnets are much
ing retrogression. Con-
siderable grossularite is also present in small oval grains. o

Next in amount comes a Very pale green hornblende in much corroded
prismatic and hasal sections, the largest, 28 x 1.2mm. It is much altered to
penninite small sheaves of which are included in it, and large sheaves, maxi-
mum 1.0 x 0.7 mm., are in contact with the amphibole. ' ’

Sphene occurs in scattered crystals (max. 0.75 x 0.35 mm.). and n small’
nests. Grains of rutile are present (max. 0.6 x 0.4) partly altered to ilmenite
and this to leucoxene. Scattered grains of ilmenite altering to leucoxene arc
noted and more or less epidote. A small amount of pyrrhotite. and resulting
limonite, a good many grains of zircon and a very little carbonate complete
the list of this very interesting mineral assemblage. - The rock is a garnet-horn-

blengle-quartz-gneiss.
Almandite ‘zone.
Location CF-3b; section 585.

The specimen came from the south' side of W hitcomb Hill, somewhat north
ined massive quartzite

of CF-3a, at elevation 1650. It is a light-gray, fine-grai
with fine grains of almandite garnet and spangles of "white mica.

The séction shows a mosaic of irregular sial grains (maximum 0.70-x 0.40
mm.) with quartz predominating and showing strain shadows and with much
fine mineral dust. Almandite garnets are next in extent and exist as blasto-
poikilitic grains as large as 1.65 x 1.15 mm.; some are almost entirely altered
to chlorite (probably clinochlorite), quartz and dendritic hematite. The garnets.
thus show retrogression. There are also scattered grossularite grains. Muscovite
"comprises most of the micas and appears in the cracks of the sial grains and
as chubby laths, maximum 0.80 x 0.18 mm. Narrow laths of biotite are much
chloritized and show retrogression. There is much olive-green chlorite (clino-
chlorite ?), occuring in sheaves in the almandites and also as thin -fragments
in the cracks; it represents the complete chloritization of former biotite grains...

Small zircons and one Or. two grains of tourmaline are seen. Grains of mag-
netite and pyrrhotite are scattered through the section and a very few grains

of chalcopyrite.
The rock is a gamet—mica—quartzite“

Almandite zone.

/

Location )CF-1'7; seétioxls 586 a, b, ¢, d; about five-eights of 2 mile northwest
of CF-3 and considerably removed from the surrounding amphibolite belt.
The hand specimen is a dark, hrownish-black, thinly foliated schist, weath-
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ering dirty Brown,'and c ini ’
r ontaining red garne i
diated fibers of a dark mineral ) ¢ ' 1o 20 farge as cight o, and re-
The secti . i 1 A -
b T]]ets?zctsli]r(zy\;s tsha;t. tthe r(l)ck 1s a sillimanite-kyanite-biotite-garnet
st. chistose, the texture prevailingl: 1 i
o e i - prevailingly folioblastic.
ZOiSi;e andl;tl?es offb:gtfte e>.\tend' across the slide, interlaminated with clino-
rs of sillimanite—in some of the slides large metacrysts of silli

" manite - i i
are seen, slightly pleochroic from contained biotite. Elongated quartz

a .
nd;g;hoclase and narrow bands of graphite are also included
manditesg:;gits ]are C,h‘eflysalmandite and a few small grossularites. The al
s largeras 2.3 x 2.1 mm. : som : .
whil : . 5 e are much cracked and ¢
e others have suffered less alteration. The kyanite occurs i orroded
maximum 1.4 x 1.2 mm. curs i aggregates,
For i o .
and r:llCCtt?§30r) minerals, a few small rutilés, a small amount of ma netit
pyrrhotite and some fine grains. of (probably) gold occur Vergy ﬁln:

SUIphlde dust 1§ scattere Y
d over the S]IdGS. It lnlght be We“ to assa ““S‘ ro k
. ‘

for gold.

Sillimanite zone.

Location .SR-43, secti
: .SR- section 589: al - ile ‘
e ), » about one-half mile southwest of Copperas
The han i i i chi .
e whic]1dinscl:])§(c:;;zelg] 1s :i sniivery-gljay schist enclosing dark granular- ma
. arnets, fine sulphide grai ic ]
iy . A ts, grains and mica flakes.
et :tesctl?1} shows a schxs.tos'e structure and folio-granoblastic texture with
e Co;prize qucle;ht, brogn 1]31ot1te making up nearly half the total area Tlhe
, rtz, orthoclase (the former in ’ i :
] ' : excess), maxin
mm.,. - , i
cmc]’;:elbllt‘? pla}gloclase. maximum 0.60 x 0.60 mm., and a few grz?ix?g Xf0.5_7
croc Ot];er ;Ti(slmls S,POW t.he.usual.strain shadows but are not so much eloncl) altmi
1 e mnc;s. he blOtltC.OCCUI‘S in prismatic and basal sections makiimﬁ
N alte,jed " .hgexuerally oriented with the schistosity. It is muc.h‘ corroded
thfough the, scl;é]f; gfintgl)(}uar:z'. A gaod many grossularite garnets are scatter:d
.and n nests, maximum 0.25 x 0.20
 Lhroug singly.a . .20 mm. ; some
obaquer?zv::aclitifgm?:)ttrogxc. There are possibly a few apatite' ’neédlesOf t}'i‘e}?;
cult to determine but a i i :
opaues : in ppear to consist of magnetit -
otlr}e] and ppsslbl'y glm]copynte. They are not very numer§us © and Pyrr
The rock is a biotite-garnet-sericite schist. o
Grossularite-garnet zone. ‘

L s ‘_ : ol - ) '
ocation” SD-51; section 590; a few rods northwest of SD-43.° The hand

specimen is a_dark, silvery-gray schi i
] a dark, silvery-gray schistose rock with included red garnets. There 4

are reticulated fibers on the s ]
eti | ¢ surface as 1 >
e e as m section 586. These are probably
~ The section r in i '
s o aslicot:orz 1es,e;nbles 589 in its structure but the biotite is bleached and
s mt, and new minerals appear. TI i 1
e t, a ik pear. e structure is schistose, -
Xture grano-folioblastic with meta crysts of almandite, kvani e iy
texture . ite, kyanite and clino-
The sials are y icl ' ) \
he sials are quartz and sericite and vary in size from 0.70 x 0.55 mm. to

" tic, much corroded and altered to

[¥])
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mandite garnets are subhedral or xenoblas- -
biotite, sericite and limonite. thus showing

retrogression ; maxinmum size 1.75 x 1.15 mm. A few small grossularites occur.
A very small amount of. kyanite is seen in small, gl()itgate(l aggregates; maxi-

mum 0.55 x 0.13 mm. Considerable clinozoisite occurs in small, prismatic sec-

tions, much corroded; maximum size 0.35 x 0.10 mm. ,
The section also contains a few tourmalines-and many zircons. - I'he

opaques are ilmenite grains considerably altered to leucoxene, pyrrhotite and
possibly chalcopyrite. Fine mineral dust is scattered through the section.
The rock is an almandite-kyanite schist.

very fine grains. The few large al

Kyanite zone. -
Specimen collected by the writer {rom the
tion 591.

" The specimen shows a dark, gr

vescing with dilute hydrochloric acid. _ )
This was originally a silicious, aluminous, ferruginous sediment in which’

metamorphism produced ¢rystalline calcite, much of it twinned, maximum
grain size 1.5 x 1.5 mm. ; average, 0.85 x 0.50 mm., with about an equal amount
of sials: quartz.and orthoclase (quartz predominating) and much plagioclase.
nearest andesine ; laths and basal sections of very pale brown mica. probably
phlogopite ; many small grossularite garnets; a good deal of clinozoisite with
its ultra-blue interference color ; a considerable amount of kyanite ; many grains
“of rutile; and large and small grains of sphene, maximum 0.43 x 0.36 mm.

As was to be expected from its proximity to the inirie, the shide shows many
irregular grains of chalcopyrite and some pyrrhotite ; the grains have a maxi-
mum size of 2.9 x 1.25 mm. Some of the grains include non-metallic minerals

“.and therefore the sulphides are younger. . .

Although kyanite occurs in slides 586, 590, and 591 in relatively small
amounts, there is a large development northeast of Copperas Hill. on Gove Hill,
where specimens several .inches long can be coliected. ’ B

The rock is an impure, crystalline limestone.

IZlizabeth mine open cut; sec-

anular, very impure limestone freely effer-

Kyanite zone.
Specimen collected by the writer some distance

_the horder of the dump; section 592.°
The hand specimen is a dark-gray, compact,

west of the open cut, on

foliated rock weathering light

brown. .
Structure gneissose; texture grano-{olioblastic with metacrysts of garnet

and mica. -
are

are much compressed, show the usual strain shadows, and

" The sials
juartz; orthoclase,

outlined with thin laths of mica and limonite ; they consist of ¢

and plagioclase too faint to determine.
The micas are seen on broad bands of interlaminated muscovite and biotite

laths, oriented, some 0.9 mm. wide and running the length of the.section
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~(26 mm.) ; narrow biotite laths and some muscovite laths have also formed in
the sial boundaries, as noted above.

‘The garnets consist of small grossularites and a few large blastopoikilitic
almandites, maximum 2.6 x 2.4 mm., much corroded, altered to quartz and
" orthoclase, and showing slight chloritization. ' o

There are a few .small grains of sphene, maximum 0.36-0.12 mm., and a
.few tourmalines, maximum 0.1 x 0.05 mm. A few tiny zircons and consider-
‘able fine mineral dust are noted. ’

The rock is a garnet-biotite gneiss.
. Almandite zone.
DRILL CORES

Diamond drill cores being available, the writer thought it would De interest-

ing to compare- their mineralogy near the surface with that at depth. The

cores selected-were from the Bureau of Mines drill-hole No. 18, at the south
end of the Elizabeth vein zone, between the old South Mine and the main
.opencut, 1800 feet south of coordinate “10,000 feet N (Plate I).

Section 594 was cut from a core seven feet below the suiface. It shows a
biotite-feldspar schist. Brown biotite occurs as long, oriented laths in broad
bands ‘running the length of the slide, some interlaminated with elongated”

sials ; others in larger latlis somewhat corroded and altéred to quartz. The bio- -

tite 'is fresh and shows no chloritization; some of it is interlaminated ‘with
muscovite, - - , '
" The sials are quartz (predominating), orthoclase, and plagioclase nearest
andesine ;- they are much elongated, show strain shadows, and are covered
with sulphide dust. They are generally fresh but some show alteration to
sericite and muscovite. Their average grain size is 0.87 x 0.44 mm.
For.the accessory minerals, a few small grossularite garnets, zircons and’
tourmalines are scattered through the slide. No carbonate is seen.
Chalcopyrite and less pyrrhotite occur in small grains‘and elongated string-
ers, the largest 1.7 x 0.50 mm., lying in the-schistosity.
Grossularite-garnet zone. o

Section.595, from 190 feet below the surface, shows-about the same miner-
alogy but the biotite has a coarser grain size. It occurs mostly in large, frag-
mental prismatic and also basal sections, showing less orientation than 594. .
It is'much corroded and chloritized—some of it is entirely altered t.
thus showing: retrogression. T

The sials are. quartz (predominant
about equal in amount to the biotite.

The grains are generally elongate, cracked, show the usual strain shadows
and contain a great deal of sulphide dust.” The orthoclase is much sericitized
and the plagioclase somewhat altered to a fine, flaky mineral, possibly saussur-
ite. The average grain size of the sials is 0.77 x-0.48 mm. For ‘the acces- .
."sory minerals: Much-carbonate (calcite or dolomite) occurs as small grains

to chlorite,

), ‘orthoclase, and andesine-oligoclase,
Ttho : S

“and other minerals and so are younger.

' snr o 7
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-

ularite ; 3 ; re numerous
and elongated stringers ; grossularite garnets are somewhat more .

1 ines also are seen. L
scattered zircons and tourmalmes. © S eeurs in elongated grains
There is much more chalcopyrite than in . s long ;

i schistosity ; e include biotite
inge imuf x 0.60 mm., in the schistosity ; some ¢ oti
s mimerats and . o Pyrrhotite is subordinate to the chal-

copyrite in amount. The rock is also a biotite-feldspar schist.

Grossularite-garnet zone. .
two sections are: the larger and
lteration of the biotite and feldspar's,
The average grain -

The chief points of difference in the

' iotite, the greater a
arser development of biotite, th ter ‘
;id the greater amount of sulphides with increasing depth.

izes sials is about the same. - o from
SIZ%O? f:otxttl:se a largef aumber of slides should be studied and also sections f |

i i usions.
greater depth in order to arrive at more definite conclusio

-CONCLUSIONS

ior nami ism.
Vermont is a state very largely of regional. and dynamic metamorphisn
e

' of assemblages of high-tempera-
“The rocks of the Strafford area are made up e ot dopthe helow

. ture, stress miinerals, formed in the meso- :a.;ldk o
‘the present surface, before peneplanation took place.

i 3 dis it in
Staurolite was not found in the sections but Professor.Doll discovered 1t

i i i > mor-

1 stern part of the Gile.Mountain schist belt. W ith this mclu(tlled, T:ct?icauv
t{e- ?13; has run the whole gamut of the metamo'rp'hm zones, fron; tlme glun\inOL{q‘ |
Fé;ll%;orite zone of the amphibolite belt to the Sillimanite zone ot the us

ists in the Gile Mountain belt. _ . s
scmlsrtxsal?raverse across the Green Mountains,' from westft? east, in t};e’llrittfto es
S V <«
i ' < the western border of the massi .
den County, the rocks on the we r of found
of [():h]lt;ento the Chlglzite zone. - The Biotite zone begins n 111@ I.AJ\nde:l:;llmssiv_(é
to d‘e ﬁntg;nues across the Main and Worcester ranges where it is re ; rg ssive

?cl)] 'c}::lorite and is followed by the Almandite zone. CAlmanl\c/iilte :i;;?:-complex

i d 1 > in amount in the Green Moun .
* Westford schist and increases 1 e N e
ing 1 i ' Mount Hunger, in the | ter Ra

’ its greatest development on Range.
Ezigl:;guch rgetrogression to chlorite has taken place. No metam:n;;r))}(;lrsrgisnig rer

than the Almandite zone was found in the traverse. Thus.me{.a inpthe oy

: s in intensity across the State from west to east., culminating :
crease ' _
ite 2 i Hill.

manite zone on Whitcomb )

The hydro-thermal influence of hidden mag
ence of tourmalines in the thin sections and, indee
1 21st Rep. Vt. Stat‘e Geologist (1937-38).

matic bodies is séen in t\}e pres-
d, in the sulphide ore itself.
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Figures 1 - 4, Showing Bedding—Schistosity Relationships
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