ABSTRACT

Exteansive deposits of kaolin exist in west-central
vermont, ncar the wvillage of East Monlkton, in the
‘spath-central part of the town of Monlkton. These de-
posits are of considerable geological interest as well as
“of impostance to the cconomy of the State of Vermont.

Kaolin commonly oceurs in such relationships as to
indicate that it has been formed as a product of surface
weathering. Throughout the State of Vermont, products
residting from such alteration have been, for the most
part, removed by the erosive action of the continental
glacier.

The kaolin deposits at Bast Monkton are peculiar in
that they do not oceur in association with highly
feldspathic rocks, The kaolin-bearing horizons occur
s within the Cheshire Quartzite of Lower Cambrian
age. The formation consists of layers of relatively
- pure quartzite interbedded with a black phyllitic rock,
best described as a graphitic, quartz sericite schist.

The zones of fracture and faulting in which the kaolin
deposits occur lic between the Mount Holly Complex
~and the Barber Hill syenitic stock in Charlotte. It is
probable that the zone of kaolinization is related to the
Mount Holly Complex and hodies of syenite or granite
ab depth, and that thermal solutions ascending along
ault planes and joints have obtained the necessary
- lonstituents to react with members of the Cheshire
Quartzite Lo produce the kaolin. Evidence presented
1 this report indicates that hydrothermal solutions
ave replaced a great deal of the sccondary silica cement
SWcertain quartzite layers with kaolin, and have also
“altered  the phyllitic layers intercalated with the
. quartzite to kaolin,

i,

INTRODUCTION
Location

.. The Bast Monkton area described in this report lies
0 the west-central part of Vermont in the town of
Monkton (Fig. 1). The town of Monlkton is located in
the Midc]lebury Ouadrangle of the United Stales
_Sitea}égical Survey, an‘d the gpecific arca of study is
1 ud}ed between latitudes 44°107 and 44°15’ and
"itudes 7305 and 73°10".
-’fﬂadhe Vﬁ]&g.e of Bast Monkion is located on a paved
i dpproximately midway between ihe villages of
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Bristol and Moenlton Ridge, Access to the kaclin
posit and the operations of the Vermant Taokin.
Corporation is by a dir} road froan ils junction with the
paved road in East Monkton. This road heads west for
half a mile and then bears south for a mile to the site
of the Vermont Kaolin Corporation (Fig. 2).

Pr{:w'ous Work

One of the reasons for undertaking this study is
hecause very little previous work had been done to
explain the origin of the kaolin at East Monkton,

In the first report of the Vermont State Geologist,
C. B. Adams (1848) describes the kaolin deposit as
“the putty bed” of Mr. Baflord Tracy. The report de-
scribes the bed as resulting (rom the decomposition of
“graphic granite,” which was said to have been ob-
served in various stages of disintegration from the solid
roclk 1o kaolin. My, Adams regrets that he was unable
to verify the statement since the excavation had since
fallen in, and upon visiting Mr. Tracy personally he was
found to be absent.

Edwazd Hitchcock (1861, p. 804} contributed very
little in the way ol a scienlific explanation when he
fAatly stated that “in these beds arc the strongest
cvidences presented of any found in the state, of their
production from the decomposition or disintegration of
leldspar, as intercalated masses of partially decomposed
feldspar are quite abundant in them.” Very little, if any,
megascopic evidence of “partially decomposed feldspar”
within the quartzile formation has heen reported or
verified since.

William O. Crosby (1890, p, 235) mentions the kaolin
at Bast Monkion by stating that kaolins in Brandon,
Monkten and other Verment towns are covered by
drifi, accumulations and certainly date from pre-glacial

de-

times. He then becomes more daring and goes on to say
that they arc “closely associated not only with lime-
stone, but also with extensive beds of limonite; and since
the iron ore has undoubtedly originated in pyritifcrous
schists which often accompany the crystaliine lime-
stones of western New England, free sulphuric acid
necessarily results from the oxidation of pyrite and
becomes a powerful ally of the meteoric waters in the
kaohunization of the schists.”

The next attempt at an cxplanation of the kaolin was
presented by E. C. Jacobs in a report of the Vermont

o
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Figure 1, Index map of H)e area.
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State Geologist (1926}, This explanation is very bricf
indeed and contains about as much scientific reasoning
as the previous theories. facobs (1926, p. 210) stales
that “the clay of the Monkton district lies under a
quartzite capping, contains fragments of feldspar, and is
probably residual.”

B A, Burt (1927) presented a complete report on the
origin of the kaolin in Bennington, Vermont; however,
in a brief discussion of the Monkton kaolin reported at a
later date (Burt, 1930), he revived ane of the theorics
presented back in the 1800°s. He discusses the location
of three “quarries” in Monlton town, two of them in the
north and the central parts of the town, with the kaolin
attributed to the decomposition of “graphic granites”
underlying the quartzites. Mention is made, though,
that the lack of basal exposures of the kaolin, or the
records of drillings, prevent the proof or disproof of this
theory. A third kaolin deposit is described as lying on
the west side of the north-south hill read about one mile
south of the village of East Monkton, the site of the
operations of the Vermont Kaciin Corporation. Burt’s
ouly description of this deposit is that it has thin,
alternating beds of white, sugary quartzite, kaolin and
sand with the beds having a northeast dip of 35°,

Any lurther discussions of the origin of the kaolin at’
East Monkton have resulted only in a restatement of
the previously presented theories. These theories de-
pend essentially wpon the residual weathering of
“graphic granite” or the residual weathering of feld-
spathic quartzite. Very little evidence has heen pre-
sented o prove or disprove these theories.

W. M. Cady completed a detailed field study and
mapping of the Monkton area, resulting in a report
(1945) on the stratigraphy and structure of west-central
Vermont,

Nature of the Present Study

Field mvestigations on which this report is based
were carried out during the summer of 1959 and into
the spring of 1960. :

The kaolin was assumed to be a residual procuct of
the weathering of feldspathic material, This hypothesis
may possess some truth, yvet no concrete evidence has
been presented either for or against it. For this reason
the writer has undertaken a detailed field and laboratory
study of the deposit, including the structure in which
it occurs. This study hasled to a hypothesis of its origin
00t previously proposed for the deposit.

The area in question has been studied from the air
m an attempt to gain an overall picture of the regional
topography and underlying structure. The outcrops of
the structures in the area were not only studied in the
field but also in the laboratory by the petrograplhic
examination of rock thin sections.

An important part of the study has been the in-

vestigation of borings taken by the Vermont Kag
Corporation, and a study of undisturbed material
covered by excavations. Only by a careful structura; afi
petrographic examination of the underground relatio
ship between the kaclin and the guartzite in which i
kaolin occurs, can any true theory of origin be evo}vé'd

Such an investigation in this area is greatly hinderg
by the extremely thick glacial cover and the COnsequen
scarcity of exposures. This fact may account for an
inconsistencies and resulting ervors in the interpretatig
of the structures. Also, the pre-Cambrian complex dog
not outerop in this area, and sc, any discussion of theg
rocks is somewhat superficial. .

The writer was further hindered in his studies by th
fact that the excavations of the Vermont Kaoli
Corporation never progressed to a point where a stud
could be made of the kaolin at depth sufficient to d;
termine the relationship of the kaolin to deep structures
It 1is hoped that future excavations and borings to'
greater depth will verify the seemingly obvious relg
tionships presented in this report. :
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REGIONAL GEOLOCY

General Stateinent

The area of this report is in a region of faulting an
folding. The major structural featurcs trend nort
south (Fig. 3). According to Cady (1945) the maj
structural features of the region consist of two sy
clinoria which lie on a common north-south axis and are.
separated from each other by a culmination or whab
Cady calls the Monkton “cross anticline.” North of th 5
culmination the Hinesburg synclinorium plunges to th
nerth and south of it the Middlehury synclinoriu
plunges to the south. The area of the so-called Monkto
“cross anticline” contains the kaolin deposits and re
lated structures. IHere the folded rock formation
exhibit east-west faults normal to the strike of in
competent layers, giving rise to an en echelon set of
resistant ridges, called hoghacks.

These rock formations near the southeagtern margl
of the foreland in west-central Vermont, lie in a folde
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belt with a rather persistent north-northeast strike. The
formations here are Lower Cambrian in age, with the
Cheshire Quartzile as the dominantly exposed roclk.
The Cheshire Quartzite has been folded and theust
trom the east onte the younger Monkton Quartzite,
forming the Monkton fault. In & normal sequence the
two quartzites would be separated by the Dunham
Dolommite, such as is shown hy the exposures to the east
in the valleys between the hoghack ridges,

BTRATIGRAPHY AND LITHOLOGIC DETAIL
Taprp 1
TABLE OF FORMATIONS AT EAST MONKTON

Correlalion Formalion Thickness (feel)

Quarternary Glacial Deposits Varying

Post-Ordevician  Tntrusives

Barly Cambrian  Monkton Quartzite 0-800 (Cady, 1945)
Dunham Dolomite  1000-2000 (Cady, 1945)
Cheshire Quartzite 900-100C (Cady, 1945}
Mendon Formation — 800-1000 (Cady, 19453
Uacenformity

Mount Holly ?
Complex

Precambrian

Mount Holly Complex

Although the rocks of the Mount Holly Complex do
not outcrop in the East Monkton area, a description
of them is important since they are presumed to under-
lie the region at depth. Any emanations from deep-
scated magmatic bodies would pass through rocks of the
underlying complex; therefore, the description and
mineral commposition of these rocks may prove to he
pertinent to the theory of kaolin origin proposed in this
report.

The closest occurrence of the Mount Holly Complex
to the Fast Monlkton area is in the gorge of the Middle-
bury River at East M iddlebury, Vermont. Here the
heterogeneous group of rocks is exposed m the core of
the Green Mountain anticlinorium, and is probably best
described as a complex since the rocks are greatly con-
torted, recrystallized, and contain no fossil record.

Osberg (1952) describes the rocks in the Bast Middle-
bury area as granulites and gneisses of various kinds.
Good  exposures of quartz-feldspar-hictite granulite
outcrop m the Middlebury River about one mile west
of the village of Ripton. Feldspar makes up the largest
part of the rock, about one third of which is oligoclase
with zonally arranged inclusions of epidote and sericite,
and the other two-thirds of which is microcline. Tour-
maline-bearing pegmatites are commonly intrusive into

the granalites, and in some localities the exposures are
more than half pegmatite. Outcrops of porphyroblastic
microcline-quartz-hiotite pueisses are exposed in the

river bed at Ripton. These rocks are coarse grained apg
contain microcline porphyroblasts. Some of thege
gneisses even take on an augen texture iy the Chlstering
of the micracline in pod-shaped areas.

In the Bennington region, Burt (1927} attributes the
origin of the kaolin deposils to the residual Weathering
of this Mount Holly Complex, or what he calls {he -
Woodford gneisses. Burt presents petrographic evidengg -
to the effect that the gneiss is the parent of muck of the :
kaclin., He feels that normal weathering processes arq -
adequate in forming these extensive deposits of kagliy,
The Bennington kaolin deposits appear to be related tg -
those at East Monkton since they both occur as parts :
of the breken chain of 2 number of such deposits alony >
the base of the Green Mountains. However, the Mount
Holly complex does not outerop at East Monkton asit:
does in Bennington, and therefore cannot he the
weathered parent of the kaolin. Burt malkes no mentign *
that the kaolin might be of hydrothermal origin, vet,
the Mount Holly Complex in this arca is intruded by
both acid and basic igneous rocks. MacFadyen (1856)
describes the Mount TTolly Complex at Bennington and =
finds that the rock is of possible intrusive origin, andigg
coarse-grained white gneiss containing quartz, micro-
cline, albite and biotite. He notes that bluish quartz-
bearing pegmatites have invaded many of the rocks,

Mendon Formation

There has been no conclusive evidence to indicate |
that the Mendon Formation outcrops in the area of
East Monkton. However, in stratigraphic sequence the
Mendon lies immediately below the Cheshire Quartzite,
and the point where one ends and the other hegins scems
to be somewhat indefinite. The upper or western kaolin
body which lies in what appears to be a deformed, over-
turned anticline may possibly be in the Mendon Forma-
tion. Ever if this body of kaolin does net aceur in the
Mendon, the Mendon Formation very likely plays an
tmportant role in the origin of the laolin deposits. A
hydrothermal theory of the origin of the kaclin would
require that emanations and solutions pass through the
fractured and faulted zones of the Mendon Formation in
order to form the kaolin in the lower member of the
Cheshire Quartzite.

Osberg (1952) describes the Moosalamoo Member of
the Mendon Formation from its autcrops m the gorge
of the Middlebury River at Bast Middlebury, where it
rests with apparent unconformity on the Precambrian
Mount Holly Cemplex. Conglomerate, quartz-mus-
covite schist, porphyroblastic albite-quartz-biotite-
muscovite schist, and quartz-chlorite-muscovite schist
predominate in the Mendon Formation. The pebbles .
malking up the conglomerate consist chiefly of quartzite
with lesser amounts of vein quartz, pegmatite, gneiss
and slate. The matrix is commonly & quartz-chlorite -



Jscovite schist or a quartz muscovite schisé,

7, the walls of the Middlebury River gorge, the

calamoo can be seen to grade into the overlying

hire Quartzite. With an increase in the amount of
i a gray
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artz, ihe gray muscovite schist becomes
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veather, uscovite quartzite that in furn grades into a light

cally 4 oy quartzite. It appears that the upper part of the
C evidep, \ endon Formation can easily be included as a member
uch of g ¢he Cheshire Quartzite. The Cheshire Quartzite
Cesses oy efinitely contains argillaceous layers, and the exposures
of kagl, i the gorge at Hast Middlebury and at East Monkton
relateg sontain the argillaceous member described and named
I as p; by Jacobs (1938, p. 20) as the Brigham Hill “gray-
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Cheshive Quarizite

“The Cheshire Quartzite is typically a pure, massive
white guartzite; however, the lower portion of the
formation, which 1s exposed in the Monlkton area as the
rore of an eroded anticline, i much less massive and
shows bedding. It has a porous texture and con-
tains interbedded argiliaceous and schistose layers,

- The massive quartzite that forms the resistant hog-
back ridges in the Monlkton area is light gray to brown
i color and has undergone a high degree of recrystalliza-
tion. Cady (1945) describes the dense guartzite unit as
being about 350 feet thiclk with a higher unit of inter-
hedded quartzite and dolomite grading into the over-
lying Dunbam Dolomite.

The lower part of the formation weathers brown, is
mere: porous, and much less massive than the upper
unit, Cady (1945) describes the unit as a “schistose
brown quartzite,” and feels that its thickuess is in-

ston and
s and isg
7, Micro-

16 seei
7 kaolis deferminate because the contact with the underlying
d, ove endon Tormation is obscure at all points where a

Iicasurable section is available. He does believe, though,
at it 38 probably not less than 500 feet, which is in
accord with observations made by the writer. This part
E'he C?leshire Quartzite is of importance since it is the
?on;on 1 which the kaolin is found, and is described in
iif:;l thl'OughO}lt this report. These layers of thick,
: lUriz(;e guar@1Le con.tammg DPOTOUS al_ld permeable
,: bedde(;s Sl’?wmg t?eddmg and cros&bec%dmg, are inter-
gt with SChlSt:()-Se layers of thinly laminated
- #13phitie, quartz-gericite schist.
wa?i?i ally, the lower unit of the Cheshire grades down-
matioy ?} the Mcl)osalamoo‘ Member of the Mendon For-
Muscovis Y an 111(:1*6%330‘— 311 the al?lou_nt of feldspar,
faﬂsitio;a?]'ld gl‘aphlte. The top um’f, of the Chcshirg is
Of carbop 1nto the Dunham Dolomite through a series
ate interbeds.

Dunham Dolowmiie
The Duny,

i the origin am Diolomite very prebably plays no role

of the kaolin, but it is a part of the regional

[11]

structure and, for this reason, is described in this report.
However, on an old town map of Monkion, a kaolin pit
is indicated north of the village of Monkton Ridge and
within the area of the anticlinal structuwre in which the
kaolin deposit is located. Since the anticline plunges to
the north here, the location indicated on the old map
places the deposit in the overlying Dunham Dolomite.
The writer searched for this old pit and found a small
depression located in the area of the Dunham Dolomite
on the west side of the height of land; however, excava-
tion or core drillings would be necessary to determine
the presence of kaolin here. The Dunham Dolomite may
be very thin at this location, and the kaolin, if present,
could very well be associated with the underlying
Cheshire Quartzite.

According to Cady (1945), the Dunham Dolomite is
“mainly a siliceous buff-weathered dolomite containing
well-rounded sand grains irregularly distributed.” The
weathered surface shows abundant sand grams giving
the rock a sandpaperlike surface. Occasionally the
dolomite shows excellent cross-bedding, and the
quartzite beds in the formation become thicker and
more prevalent as the contact with the overlying
Monkton quartzite is approached.

Monkton Quartziie

The Monkton Quartzite is briefly described since its
only appearance is where the salient of Cheshire
Quartzite has been thrust upon the Monlton Quartzite
just west of the kaolin deposits. This is the location of
the Monkton thrust fault.

The formation 1s distinguished by its red color, and is
at the locality from which it derives its name. Along the
thrust fault the Monkton is a massive quartzite which
forms a resistant ridge with the bedding dipping at
5070 degrecs to the east. A few thin beds of reddish
to purplish shale are interbedded with the quartzite.
Ripple marks and mud cracks on the bedding surfaces
of the shaly members, and cross-bedding in the quartz-
ites are common,

Glacial Deposits

The bedrock of the region is overlain by an irregular
mantle of glacial debris or ground moraine. This ma-
terial consists of boulder clay (hard pan), sand, and
gravel distributed partially in kame- and drumlintike
features, but mainly in thick irregular masses. The
hillside in which the kaolin occurs is covered with any-
where from ten to twenty feet of this glacial material.

Structure

The major structural features of the Monkton area
trend north-south. The four major types of structures
in the area are: synclinoria, anticlinoria, thrust faults,
and a normal fault system.



The two synclinoria are basic in the structural and
stratigraphic geology of the region. They have a com-
mon north-south axis and are scparated along this axis
by what Cady (1943} calls the Monkion *cross an-
ticline.” The word culmination describes the feature
more graphically, as it is a structure from which the
two synclinoria, named Middlebury and Ilineshurg,
plunge in opposite directions. The Middlebury syn-
clinorium plunges southward from the latitude of
the village of Menkton, and is bounded by Snake Moun-
tain on its west limb and the Green Mountains on its
cast limb, The ITineshurg synclinorium plunges north-
ward from the latitude of the village of Monlkton and
is bounded by Lake Champlain on the west and the
Green Mountains on the east.

Anticlinoria or structural highs occur cast and west of
the synclinotia. The Adirondack Mountains form a
structural high on the west, and the Green Mountain
anticlinerium forms a structural high on the east,

Two major thrust faults occur west of the Green
Mountains. They are the Champlain thrust along Lake
Champlain, and the Hinesburg thrust, in this arca,
which parallels the west base of the Green Mountains,

A north-south trending belt of normal faults is com-
mon on the western horder of the region. According to

Cady (1945) the belt consists of a set of longitudinal

faults which are down-thrown to the east-southeast and
strike north-northeast. Cady feels that these faults in
the region of Lake Champlain are closely related to a
similarly orientated joint system in the Adirondack
Precambrian crystalline hasement, and are apparently
limited in distribution to a tectomic zone in the im-
mediate vicinity of the Adirondacks. The Champlain
thrust and associated structures lie mainly in a zone of
movement concentrically abeve the zone of strong nor-
mal faulting that lics in and peripheral to the Adiron-
dack massif,

A traverse of the structures from the Green Moun-
tains west to the Monkton thrust reveals the followin g
features: the Starkshore syncline, the Tipgback an-
ticline, the Pond Brook syncline, the eroded, over-
turned antichinal structure in which the kaohn oceurs,
and the Monkton thrust where the Cheshire Quartzite
is thrust upon the Monkton Quartzite (Fig. 4). The two
adjoining folds, consisting of the Togback anticline and
the Starksboro syncline, plunge both north and south,
and in the northeastern part of the Town of Moukton
the Cheshire Quartzite of the Hogback anticline plunges
beneath the overlying Dunham Dolomite; the struc-
tural relationship of the dolomite to the quartzite
is well shown in many places. The Hogback anticline
can he classified as an asymmetrical anticline with the
strata of the west limb dipping almost vertically and
the strata of the east Himb dipping about 70 degrees
to the cast (Plates 5, 6). The fact that the Hoghack

[12]

anticline plunges beneath the Dunham Dolomite to
the north and is completely surrounded h yit, is &Videnos
for this anticlinal structure. Tield evidence tends 4,
favor a normal synclinal valley of Dunham -DOIOmite:
bordered by two eroded anticlinal ridges of Quartzit
overturned to {he west.

Plate 1. A southwesterly air view across the kaolin deposiy tg
the west limb of the overturned and eroded anticline and the
Monkton thrust line. :

Plate 2. View north from within the overturned snd eroded
anticline to where it plunges to the north,

The steep escarpment immediately east of the kaolin
deposits appears to be the eastern limb of an overturned
and eroded anticline (Plate 1). Ficld evidence indicates
that the kaolin is located in this overturned and eroded
anticline which has been subjected to movement
along the Monkton thrust (Plate 2). The east limb Of
the deformed anticline consists of the upper member of
the Cheshire Quartzite which is massive, crystalling
and forms a resistant ridge with a steep escarpment
facing to the west, This escarpiment is due to differential
weathering and possibly represents a longitudinal fault
which is common in overturned structures of this type: .
The center or axis of the anticline is made up of the :
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lower members of the Cheshire Quartzite; however,
where this is not in evidence, the writer suspects that
the upper member of the Mendon Formation occupies
the core of the anticline, in which the upper or western
lcaolin body is found. The lower or eastern kaolin hody
has been exposed by excavations, which reveal what
appears to be the lower member of the Cheshire
Quartzite (Plate 3). Here the exposures consist of layers
of massive quartzite with excellent bedding featurcs,

Plate 3. A southwesterly view of the kaolin deposit.

layers of friable, kaolinic quartzite, and thin lavers of
phyllitic, argillaceous material, which for the most part
have been altered to kaolin, It is the strata of this sec-
tion which have been invaded by hydrothermal solu-
tions, resuiting in the formation of kaolin by alteration
and replacement.

Plate 4. View cast of the steep escarpment-like ridge east of the
leaolin deposit, The east limb of the overturned and eroded
anticline,

The western limb of this overturned and eroded
anticline consists of the upper member of the Cheshire
Quartzite (Plate 4). The quartzite here has a very steep
dip of 60-80 degrees to the east, and forms the contact

[14]

with the Monlkton Quartzite at the Monkton faqlg, The
anticline as a whole plunges to the north and o the
region north of Monikton Ridge it plunges beneath the
Dunham olomite.

The presence of the Monlton thrust is made evidept
by truncation of the quartzite beds, and by the g3
normal superposition of widely separated S'hl'aiigraphic ;
units. Cady (1943, p. 574) traces the thrust fault from
southward plunging anticline one mile north-eagt of -
New Haven village northward to (he 1'101‘Lh—phmging ;
anticline at Monkton Ridge. He states that “the mas. ¢
sive gray facies and also a brown, rather schistose facieg
of Lower Cambrian Cheshire Quartzite, found in most
of the hilly area trending southward through the center
of Monkton into northwestern Bristol township, overlje
the thrust planc. Along the thrust between the latitude
of Monkton village and the north boundary of Ney
Haven township the red Lower Cambrian Monkton
Quartzite outerops immediately west of the Cheshire

Plate 5. Lxposed strata on the cscarpment-tike ridge east of the.
kaolin deposit. The dip of this east limb of the overturned and
eroded anticline varies from 30 to 70 degrees. :

& S

Plate 6. Exposed strata on the escarpment-like ridge east of t.hﬂ :
leaolin deposit. The overturned fold in this massive Cheshire
Quartzite indicates the anticlinal structure of which it is a patt.



e great strat.igrz?lphie separation Off Lllgse two forma-
Jjous I clearly indicated by an em,mu.latmn .of the nor-
ol sequence of Lower Cambrian formatlions repre-
izﬁ’fed by the northward-plunging anticline notth of
. onkton Ridge. In the northern part of the town of
New Haven, south of the Monkton area, the Monlkton
(uartzite immediately west of the fault has been
: govered by the Cheshire Quartzite. Parther south the
quartzite has even Dbeen thrust onto the Winooski
" polomite, which lies stratigraphically above the Mouk-

. otk

Igneons Masses and Dikes

North of the Canadian border in Quebec, a group of
jgneous rocks, occurring as stocks and dikes, have in-
“truded beds as young as Devonian in age. These ignecous
intrusives comprise the features known as the Mon-
“teregian Hills. Similar igneous rocles cut the Ordovician
sediments throughout Vermont, and are exceptionally
munerous in the Champlain Valley.
In Vermont, the region about Burlington and Shel-
urne Point is most prolific in dikes, which appear to be
imilar m composition to the rocks of the Monteregian
ifls, These dikes are extremely interesting because they
ell something about the foundation upon which the de-
med sediments of the Champlain Valley rest. Some
the dikes contain inclusions or xenoliths that have
« carried from below by the magma which rosc to
the fissures. Many of these xencliths consist of
aitic rocks and gneisses of the old metamorphic rocks
eneath the Cambro-Ordovician beds and therefore
dicate a source of magma below the Precambrian
omplex,
The dike intrusions in both Quebee and the Burling-
n-Shelburne areas are represented by two varieties
of ignecus rocks. One is a feldspathic porphyry or
trachyte called bostoutie, and the other consists of dark
basic rocks classified as camptoniies, monchiquites, and
irchites. These two groups of intrusive rock make up a
ajority of the dikes found in hoth aveas. The dikes of
'11}(3 Champlain Valley assume a radial pattern with the
Parent source located in the area of Shelburne Bay.
S pattern of dikes would seem to indicate the
&sence of an igneous hody not far from the surface.
AS?OCiated with the numerous dike inlrusions are the
: 3hﬂe intrusions (essexite and syenite) of the Mon-
"C{Egran Hills in Quebee, Barber Iill in the Champlain
avlvley at Charlotte, and the Cuttingsville intrusive
- fomplex compesing “‘Granite Hill"” in the Green Moun-
ii*fl anticlinorium. These intmsivel hodies all appear
%08 of the same magmatic province, and therefore
QSSuzrl;{\ZEd with the same per.iod of intfusﬂion. It .is
v e here that Barber Hill and the Champlain
¢y dikes arc related to the Mountercgian intrusives.
¢ Syenite mass forming Barber Hill may very well

play an important role in the hydrothermal theory ex-
pressed in this report. Tt iy important to note that the
Barber Hill intrugion lies ab the west extension of the
east-west culmination separating the Middlebury and
Hinesburg synclineria, possibly indicating an extension
of the syenite mass at a relatively shallow depth to the
Monlton srea. The small hill of syenite is located in the
town of Charlotte approximately six miles west of the
town of Monkton Ridge, This sycnite intrusion along
with the bostonite-camptonite dike association suggests
the possibility that essexite as well as other syenile
masses exist within the region between the Champlain
thrust and the Green Mountains. Since Barber Hill was
only recently recognized as a syenite intrusion, other
magmatic bodies may exist as similar hills vet to be
discovered.

The intrusive body at Cuttingsville is located within
the central part of the highly deformed Green Mountain
anticlinorium about ten miles southeast of the City of
Rutland. This intrusion has a syenite-essexite composi-
tion, a cross-culting relationship with the surrounding
country rock, an oval surface exposure, and high angle
contacts, all indicating that it is of the same structure
and much the same composition.as Barber Hill in the
Champlain Valley:

The Monteregian Hills, for the most part, lie west of
the deformed area and the Vermont intrasions have
invaded the slighlly deformed rocks of the Champlain
Valley and the highly deformed rocks of the Green
Mountain  anticlinorium. These infrusions are not
noticeably disturbed or affected by deformation, which
indicates that their emplacement followed the major
folding and faulting. The heat of these magmatic bodies
and the volatiles and solutions emanating from them
created thermal metamorphic changes in the intruded
strata and provided the hydrothermal conditions on
which the theory advocated in this report is based,

THE KAQLIN DEPOSIT
Creneral Stotement

Kaolin is best described by the geologist as a rock
composed ecssentially of the kaolin minerals. Min-
eralogically the term was once used to refer to a single
clay mineral, but the word is now used as a group name
for at least four separate clay minerals: kaolinite,
nacrite, dickite, and halloysite,

The definition of the kaolin minerals as proposed by
Ross and Kerr (1931, p. 152) has gencrally been ac-
cepted. According to them “kaolin is understood to be a
rocl mass which is composed essentially of a clay ma-
terial that is low in iron and ussally white or neazly
white in color.”” The kaolin-forming clays are hvdrous
aluminuro siticates of approximately the composition
2HL,0A1L,0525i0,, and it 1s believed that other hases, if
present, represent impurilics or absorbed malerials,




They also suggest that the name kaoknite be kept for
the characteristic mincral of kaolin, and that the other
two chemically similar minerals of the kaolin group he
called nacrite and dickite.

Kaolinite is the abuudant mineral that makes up the
kaolin deposit at East Monkton. Raolinite is often
well-erystallized in its hexagonal form; however, many
investigators have found that kaolinic mincrals are
poorly erystallized. This appears to be the case with
the kaolinite from the East Monlcton deposit where it
has a vermicular structure. Whether this occurrence
should be known by a differcnt, species name or whether
it is a disordered kaolinite appears to be open to choice.
Grim (1953) states that there are probably many
gradations from well-crystallized kaolinite to that of
compiete randomness in the & direction and in the
population of aluminum directions; so it appears doubt-
ful that a specific name should be applied.

The minerals of the kaolin group, kaolinite, dickite,
nacrite and halloysite, consist of sheet units which are
continuous in the a and b directions and stacked ver-
tically in the ¢ direction. Any variation among the
members of this group lies in the manner in which the
layers are stacked aud in the position of the aluminum
atoms in the possible positions for them in the octahedral
layer,

The charges within the structural units of the kaolin
group are balanced and it has been shown that there i
very little substitution within the lattice structures., The
&TOup represents a crystal structure where one gibbsite
sheet is condensed with one silica sheet, forming a stahle
non-expanding type of crystal lattice. The clays com-
posed of the non-expanding lattice structure are said to
possess moderate surface activity and generally form
relatively freer flowing systems in water. On the other
hand, clays composed of the expanding crystal lattice
are capable of high collodial activity and hydration,
producing plastic and gel-like water systems.

History of Cominercial Development and
Economic Problems

A Dbrief history of the commercial development of the
kaolin industry at Bast Monklon will give an idea of
the extent to which the deposits have been mined over
the past years. For the most part the operations have
been carried out on a small scale, and few figures as 1o
actual tonnages are available, Also, there scem to be
very few remaining records of production, mill pro-
cedare or drifling logs,

J. Muzzy (1813) records the firsi operation in 1792,
when a Mr. Stephen Barnum discovered kaolin on his
praoperty while he wasg searching for iron ore which had
been mined for some time ncar the Bristol town line
south of his land, The white material or “putty”’ had

been discovered earlier, but it seems thal Mr. Barnum
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was the first to classify it as kaol in, and it ig beliey,
that the deposit was the first to he found in th
States. During the early 1800’s Mr. B
considerable quantities of the kaolin, seil
and Albany, New York.

During the early 1800’s the Monkton Argil Compay
was ncorporated and an attempt was made to mine th
kaolin for crockery manufacture, This company
to have mined several hundred tons of k
this operation progressed a Mr, J. Muzzy
of the strata in one of the company's pits. Thig appea;
to be the only past record of a drill log in the g
Monikton area. The description has to he condensed, by
it does contain some interesting and amusing faetg
Strata consisting of quartz, “graphic granite” and
feldspar were encountered with layers of kaolin and
fine sand hetween them. Tt is interesting to nate that
“pure” kaolin at a depth of sixteen fect was said to be O'{E
a much superior quality to that found nearer the surface,

In the Annual Report of the Vermont State Geologis
Adams (1848) describes the kaolin deposit as being ve
extensive, and that in 1843, forty tons were taken
Burlington where it was sold for forty dollars per to
and was used for pottery and furnace linings,

According to Colling (1955), the kaolin works at th
crossroads in East Monkton came under the manag
ment of B. F. Goss of Vergennes, and was worked unt
the late 1880’s (known as Goss and Falbott, Goss an
Gleason, and the American Kaolin Company) {Plate
7, 8). The washed kaolin was used as a paper filler, Th
production figures of the American Kaokn Compan
during the 1800’s are as follows: 1883-1962 tons, 1884
2412 tons, 1885-4494 tons, 1886-2468 tons, 1887~4508
tons, 1889-2386 tons and 1890-1975 tons, ‘

In the early 1900’5 (Colling, 1935), another operation.
under the name, American Paper Clay Company, was
conducted near the present site of the Vermont Kaokn
Corporation (Plate 9) by a Mr, (0, N. Williams. e
Williams is said to have spent 12,000 dollars for the
construction of his kaolin works, and that production
during the year 1914-1915 was ten tons a day, for which:
ten dollars a ton was received. The area owned by
Mr. Williams was north of and adjacent to land owned’
by Frank E. Bushey, which is now owned by the Ver
mont Kaclin Corporation. Mr. Williams had some
driliing dene to determine the amount of kaolin present, ..
but all the records were lost when the huildings burned
down in the early 1920°s. Tt has been reported, however,

that twenty to twenty-five holes were drilied to a depth
of around one hundred fect, and that kaolin was found ‘
at the bottom of all of them. Perking {1906) reports that
six six-inch borings varying from 41 to 174 feet in dEPFh
were sunk to determine the thickness of the deposit.
However, even the deepest hole failed to teach the base
of the deposit, and so, such information is quite useless,
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1920's {Collins, 1955) whea he sold out to the Con-
tinental Clay Company owned by Mr. R, T. V ander-
bilt. Mr. Vanderbilt held the property and allowed a
Mr. Carl Laird to mine kaolin intermittently.

During the 1930’s the property was purchased by
Frank E. Bushey and son, Leon V. Bushey, and the
last active kaolin production at Bast Monkton was
carried on by Frank [, Bushey and Son until 1944. Tt
is reported that they produced ahout a thousand touns
annually, which were sold to the Rutland Fire Clay
Company. Mr. Leon V., Bushey retained the mineral

: o rights to most of the kaolin-bearing property until July,
fate 1. Monkton Kaolin Works, Goss & Gleason, Proprictors, 1956 when they were purchased by the Vermont Kaolin
Corporation.

During the summer of 1959 the Vermont Kaolin
Corporation began construction of storage facilities and
& processing plant near the site of the former Bushey
home (Plate 10). Extensive exploratory and laboratory
work was conducted to determine the quantity and
quality of the kaolin,

“Plate 8. Monlkton I
* Proprietors,

Plate 16, Northerly view of Vermont Kaolin Corporation plant—
1967, (C. G. Doll}

The method of processing the crude clay was to be
either the wet or the dry method, or a combination of
these. A pilot mill was put in operation to evaluate the
efficiency of the dry process. This process consisted of
pulverizing the crude clay, and then obtaining particles
of desired fineness by having them lifted from the grind-
ing chamber by air currents, while the coarse particles
were rejected from the upward strcam of fines by
whizzer-type separators. The air flotation plant consisted
essentially of a rolling type dryer, a high side Raymond
roller mill whizzer separator and a cyclone collector
and bin,

Phte o v = o | i . The “\-Termonh I{aolin‘Corporation planned to be in

M, Gag | ‘ew of the Kaolin operations at Monkton 1905, p-roductlon by the fall of 1960. The product was to be a

t Laird, foreman, on left. (Vermont Geological Survey) high alumina kaolin, a high silica kaolin, and pure

pesialy o . ) o silica. The Corporatif)n expected to produce one hun-

foo) ¥ since there is no 1‘ecord'0t where the drilling dred tons per day which would be trucked to a railroad

X place or what types of material were encountered. siding at New Haven Junction where it was to be stored
M, Williams operated the kaclin works until the and tagged for shipment.
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The records of the Vermont Kaolin Corporalion con-
tain numerous diffcrent cvalmation reports written
during the period in which the Corpeoration atlempted
to develop the deposit. The figures and procedures pre-
sented here are for the most part from a report by the
General Manager, George B. Guillotte (Guillotte, 1966),

Total ore put through the dry process plant from 1961
to 1966 was 18,400 tons which yielded 9,235 tons of
clay, The waste product was reported to contain about
91% quartz, 3% iron and titanium oxides and 6% clay.

The mill was operated only two or three times vearly
on a 24-hour basis. The davs of continuous operation
varied from 12 to 20 days, depending upon the time
required to fll the storage facilities on the railroad at
New IHaven Junction,

When the mill was continuously operated, it averaged
57 tons per 24-hour operating day, which was only 57,
of the 100 tons per day capacity for which it was de-
signed.

The dry mill products did not meet the specifications
for the paper or ceramic industries. Sales were made to
manufacturers of soft rubber products and some of the
product was sold to grain companies using kaolin for
pelletizing livestock feed,

Due to the nature of the deposit, a great deal of
difficulty was encountered in trying to separate the
kaolin from the quartzite by the dry process.

The next separalion atiempt was a wet process.
Since the largest consumers of kaolin in New England,
New Yerk and Canada arve paper mills for filler and
coater, research was then directed toward a water-
washed clay that would be acceptable,

A small wet mill was built and approximately two
years were devoted to test operations designed to bring
all specification requirements to the level for paper
maker acceptance.

First of all, the clay was found to be too coarse in
particle size. The paper makers require 809, minus 2
micron particle size for filler and 909, minus 2 micron
particle size for coater clay. The average particle size
of (he material taken from the Hatch Pit was as follows:
999% minus 25 micron, 969 minus 18 micron, 95%
minus 15 micron, 849 minus 10 micron, 80%, minus 7
micron, 61% minus 5 micron, 58%, minus 4 micron,
419 minus 3 micron, 27% minus 2 micron and 109
minus 1 micron,

To realize good recovery of the minus 2 micron ma-
tenial, it was necessary to devise a means of reducing
the particle size of (he coarse fraction. The Minerals
Industries Corporation of America, Lowell, Massachu-
setts, developed a grinding device which appearcd
capable of doing the job. In addition to reducing parti-
cle size, the grinding step also freed oceluded particles of
quartz, TeO, and Ti0O minerals which had to be re-
leased to improve brightness and reduce abrasion.

1181

The small wet mill was built to produce one ton of
finished clay per hour. The mill was operated from
December of 1965 to June of 1966. A large part of the -
output during this period was wasted because of eXper;
mental drying, balancing feed rates, varying pulp dep
sities and checking out different amounts and types of -
reagents.

A small amount of material having a brightness of 81
abrasion of 26, 809, minus 2 micron particle size and
fliowability at 709, was produced. All attempts to up
grade this material to a brightness of 86 or better and
80% minus 2 micron parlicle size failed,

The wet process did prove that the degritting sectioy
could climinate the quartz to acceptable levels, The
problem then was the failure of the clay to gain accept.
able brightness, due to the inability to eliminate min:
erals contributing to off-color and reflectance, :

The flotation and bleaching process followed standard
clay beneficiation as practiced on the transported clays
of Georgia and South Carolina. Because of minerals
resulting from the origin of the kaolin at East 1\-‘[0111{'{03],.
additional trealment was needed to ailain desired Te-
sults. The discoloration caused by FeQ and TiO min:
erals was apparently solved by the bencficiation
process; however, the major probiem was the presence
of a graphitic material (Plate 16). This graphitic mate-
rial represents the thin layers of phyllitic vock (graphitic,
quarlz sericile schist) that was not completely altered
to kaolin. These small graphitic, shaly particles were
very cvident in the waste taken out by flotation. Fu-
ture consideration of this kaolin deposit for high-grade
products will have to deal with the problem of elimi-
nating the graphitic material.

During December of 1966, the mill equipment at East
Monlkton and the bagging facilities at New Haven
Junction were purchased by the White Pigment Cor-
poration of Proctor, Vermont. A plant has been built
at New ITaven Junction to process white, high calcium
marble from the Shelburne Formation east of Middle-
hury.

Future economic consideration of the reserves of
kaolin and kaolinic quartzite in the Fast Monkton area
should include the potential of high silica sand and the
extraction of aluminwmn oxide.

Extent of the Deposits

The belt of the lower member of the Cheshire Quartz-
ite with which the kaolin is associated, extends from
the Bristol town line northward toward the village of
Monkton Ridge where the anticlinal structure plunges
to the north. In the vicinity of BEast Monkton the anti-
clinal structure has heen gouged by glacial action, ex-
posing the lower members of the Cheshire Quartzite
and possibly the upper members of the Mendon For-
mation. This area of about Lwo miles in length and three-



scters of a mile in width contains the kaolin-bearing
: r which are entirely buried by glacial drift. In
fgiﬁOﬂ: a deposit of kaolin is located on an old wap of
onkton, about half a mile north of Monkton Rlcllge,
's location is unusual since the old map places it ina
- ynderlain by the Dunham Dolomite. A small pit
.;;dgtile hillside is probably the only evidence of the
" trted kaolin deposit, and further investigations by
: ;ﬁ'}ngs are necessary hefore the presence of this deposit
ean be confirmed,

ate 1. The Vermont Kuclin Corporation plant and the hili-
side in which the kaolin occurs. The excavation is in the lower
Laolin body (Hateh Pit). The upper kaclin body follows along the
ridge of the hill.

laté 12, The nili ir which the kaolin oceurs, showing the lower
“2olin body (Hateh and Bushey Pits) and the upper kaolin body
{old pits a4 the hotlom of the picture),

The areq of commercial interest is close to three-
s of a mile square, and is localed approximately
alf 5 mile north of the “Monkton Orebed.”” A slope
fnm&di&i’e]y west of the old Bushey homestead, the
¢of the v, ermont Kaolin Corporation office, contains
he two kaolin hodies that have been most thoroughly
“estigateq to date (Plate 11, 12). The lower or eastern
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kaolin body has heen excavated, exposing the kaolin
and the guartzite formation in which the kaolin ceenrs.
The content of this excavation varies from a relatively
pure to a sandy kaolin interhbedded with kaolinic and
magsive quartzite layers. The material from this lower
hody was used for laboratory tests and for testing in
the pilot plants.

To evaluate the kaolin deposits, Guillotte (1966)
reports that 8211 lineal feet of backhce trenching to
depths of 13 feet have heen made. In addition, a total
of 412 drill holes (2 diamond drilt holes, 9 chura drill
holes and 401 auger drill holes) aggregating 17,312
vertical feet have been put down. 1y is reported that
217 of the holes drifled penetrated clay-bearing material
to indicate six separate ore bodies containing 11,149,200
tons of kaolin in 22,298,400 tons of clay-bearing mate-
mial,

The propertics and tounages estimated are as follows:

Fastern (lower} ore hody

(Hatch and Bushey Pits) 1,095,700
Western (upper) ore body

(500 feet west of Hatch Fit) 1,500,000
Central LaFountain 279,000
South—Central LaFountain 431,000
Northwest LaFountain 1,465,000
Jewell—Blanchard 6,378,500

Eastern LaFountain (not evaluated)
“Tons of Clay available” = 11 ,149,200

The eastern and western ore hodies are the only ones
considered in this report as they contained the only
open pits for inspection,

According to an earlicr report by W, P, Mould {1959),
the estimated available tonnage in the two cxplored
bodies is as follows: the smaller and lower body (eastern
ore body) pitches gent! ¥ to the east and covers a minahle
area of 13.8 acres. The known ore thickness ranges
from 40 to 75 fect. The estimated crude clay tonnage is
1,742,824 tons, and on the hasis of 30 percent recavery
by mining, 523,000 tons of crude clay can be sent to the
mill. The larger body (western ore hod /), outcropping
near the height of land on the western border of the
company propetty, is more steeply inclined 10 the east.
Only the thick layer that outerops at the northern end
of this section of the clay horizon is considercd in the
estimale of tonnage. The minahle outcrop is taken ag
750 fect long by 450 feet wide, and assuming the layer
to be 350 feet thick along the dip, the tonnage present
is greater than 3.5 million. At 30 percent recovery it
was calculated thag 1,650,000 tons of erude clay could
be sent to the mill,

It is noteworthy that in 1965 Guillotte (1966) reports
that 8 holes were drifled in the bottom of the Hatch pit
which penetrated to substantially greater depths than
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did previous drill holes located near the same caordi-
nates. Hole No. 16 penetrated white clay for 92 feet
below the previously established bottom of the clay
(54 feet); hole No. 1% pencirated 70 feet below the
previously established clay limit (30 feet), and hole No,
18 penetrated 18 feet below the previously established
limit. These holes arc spread over a distance of 220 feet
from east to west, giving g cross section of considerable
depth of reported kaolin. No attempt was made to
prove this extension north-south along the strike of the
deposit,

All drifl holes were surveyed by chain and transit to
establish elevations and coordinates. All holes were plot-
ted on a 100 feet to 1 inch scale. Some areas were
detailed on a 50 feet o 1 inch scale, and 3 map of 300
feet to 1 inch showing hole locations was drawn up.
All of these maps and the log books are iu the records of
the Vermont Kaolin Corporation,

Mr. Jason Wark, working under the direction of Dr,
Charles (. Doll, State Geologist, did considerable
electric resistivity testing on the Vermont Kaolin prop-
erty during the summers of 1958 and 1959 (Warl,
1968). Anomalies obtained indicated areas of clay which
were later substantiated by drilling on the eastern,
western, and Jewell-Blanchard ore bodies (Warl, 1968).

The Vermont Kaolin Corporation carried on an ex-
tensive drilling program, but more knowledge still is
needed as to the geologic and ‘structural relationships
between kaolin-bearing ground and nen-kaolin bearing
ground. The type of drilling done and the difficult
formations encountered, produced estimated reserves
that are at begt “guesstimates,”’ Any other exploration
program will certainty have to follow the rule of quality
contral, in that core readings should include a mineral-
ogical analysis with further emphasis on percentages,
color tests, and particle size distzibution,

Geolagic Relationship to Oilier
Known Vermont Depaosits

Along the western hase of the Green Mountains there
are & series of kaotin deposits extending from Benning-
ton, Vermont, northward to {he deposit at East Monl-
ton. This broken chain of kaolin deposits includes
occurrences at Brandon {Forest Dale), Rutland, North
Clarendon, South Wallingford, Tinmouth, North
Dorset and Shaftsbury. The total distance of this
chain of deposits is over one hundred miles.

It is evident that the kaolin deposits are arvanged
along a zone of faulting, and a definite relationship seems
to exist between the faulting and the kaolin, A consider-
ation of the faults, therefore, would seem important in a
study of the origin of the kaolin deposits. The fault
Zone contains both earlier thrusts and later normal
faults.

Aceording to Burt (1928), most of the deposits at

Bennington lie on the downthrow side of the branches
of the so-called Green Mountain Front fault and Ver
close to it. All of the kaolin deposits are associated wi
the thrust faulting and/or the normal faulting.

The kaoliu at East Monkton is definitely associate
with & zone of faulting, The deposits lic on the upthrg
side of the Monkton fault and within the highiy faulte
eastedly dipping quartzite strats of an eroded, ove
turned anticline which has heen broken and thrug
westward onlo younger strata, [t would seem logical 4,
assume a like origin for the kaolin deposits at Benning__.
ton, along with the other known deposits between:
these two areas, In ali cases, the deposits are locateg
within the Cheshire Quartzite, which is relatively fres
of feldspar. A theory applicable to the origin of one
deposit, then, should hold al least partialiy true
for the others occurring in this discontinuous chaip
along the western border of the Green Mountains, The
evidence presented in this report for a hydmthermal
otigin of the kaolin at East Monkton differs widel
from some earlier reports of the formation of kaolin by
the weathering of feldspar in place. The other Lagli
ocearrences throughout the state have not been closely
examined by the writer, but i seems very probable:
that their origin is much the same as that hypothesize
for the East Monkton deposit, '

Struciure of the Formation in

Which Kaolin Occups

The kaolin at East Monlkton is contained in twg
separate horizons of what appears o be the lower mem.
ber of the Cheshire Quartzite. These horizons outcrop
o1t the north-south trending hillside as casterly dipping
limbs of an eroded and highly fractured, overturned:
anticline,

As previously mentioned, the two ore bodies haye:
been explored extensively by the Vermont Kaolin Cor-:
poration. An examination of the surface outerops, th
bottoms of trenches, the excavations, and the boringb‘,'-:
shows that the hillside throughout its tength is composed :
of eastetly dipping beds of the lower Cheshire Quartzite-
striking in a northeast direction. The eastern limb of the
eroded anticline is resistant, forming the prominen
escarpment directly east of the ore bodies, while to the
west and center of the anticline appear the more porous
and permeable members of the quartzite showing excel- -
lent bedded and cross-hedded features. Within this E
lower part of the formation are thin interlaminations
of black material of a phyllitic nature; a graphitic, :
Quartz-sericite schist. The porous, sandier appearing :
members and the phyllitic layers are in turn contained
within layers of the massive, crystalline quartzite. ’1‘]':13
strata in many places are highly faulted, resulting in
many displaced layers shattered into 4 {riakle condition.
The kaolin occurs in the center of this anticlinal stru¢-




'-mre mentioned above. It occurs finely disseminated in
“poids among quartz grains in the altered quartzite, as
“hin replaced layers between the quartzite strata, and
also as veins following planes of fracture.

The most extensive deposits of kaolin so far discovered
are the two easterly dipping ore bodies that outcrop on
ihe hillside. The lower and smatler body ranges from 40
to 75 feet in thickness, with the extent of the deposit
_ down dip unknown. This ore body is represented by
excavations known as the Bushey and Hatch pits. Both
of these pits have recently been opened further and the
- south face of the Bushey pit shows an excellent wundis-
" turbed cross-section of the formation in which the
kaotin occurs (Fig. 5) (Plates 13, 14, 15, 16). The
layers of quartzite and kaolinic quartzite at this loca-
tion dip approximately 18 degrees to the east; however,
the dip of this lower ore body varies at other places along
the strike to as much as 30 degrees to the east, sug-
gesting movement by faulting and the resulting adjust-
ment of fault blocks.

The larger body of kaolin outcrops near the height
ofland on the western border of the company property.

S
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Plate 13, South face of the Bushey pit showing the undisturbed
structwre of the Laolin deposit. The massive quartzite layer
through the center dips approximately 18 degrees to the cust.
The white deposit is snow.,

Along the strike of this ore body are old excavations
0 which the kaolin is not now exposed. No new excava-
tions have been made, but borings indicate that the
Strata here (approximately in the area of the apex of the
9Verturned anticline) are more stecply dipping to the
€ast, as would be expected. The strata of this ore body
8¢ approximately 450 fect thick and dip from 40 to 50
degrees tq the east. Borings and test samples reveal
& kaolin of somewhat different nature from that of the
OWer ore body. W. P. Mould (1959} found that during
poe drilling of ffhis area pebbles and cobbles were en-
i‘ unt(.ereé, possibly indicating @ conglomeratic horizon
1 which thig body of kaolin occurs. Also, in this ore
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Plate 14, South face of the Bushey pit showing a close view of
the massive quartzite layer.

B

Plate 15. Excavation in kaolin body}

showing reworked kaolin.

the Hatch pit (lower

Plate 16. Closer view of reworked kaolin in the Hatch pit,
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; a\’ a purplish-red kaolin has heen foun‘d along wi.th a
s '11} material of the same color, a chgmeal ang.lyms of
yich shows a higher content of a]um.ma than is found
the lower kaolin body. This might indicate that this
» body lies in the upper member of the Mendon For-
ation. Since this area represents approximately the
gpex of the overturned anticline, the assumption is that
ihe Mendon Formation is close to the surface here:
nowever, an assumption of this sort cannot be checked
;jntii the kaolin body is excavated or drilled and the
srata examined carefully. ,
g According to Bain (1925) an even later group of faults
r readjustments of the earlier structures took place
h the movement almost at right angles to the ear.
jer normal faults. This sametype of movement has talen
‘place locally within the area of the kaolin deposits, as
dicated by borings. Just west of the road that passes
by the Vermont Kaolin Corporation office, a north-
south traverse of borings shows kaolin at considerable
:dcpth, abruptly terminated by quarizite 1 ving just
peneath the smrface, apparently suggesting an eagt.
west fault,
More structural evidence indicating thab the kaolin
deposits are located in a zone of deformation, is the
nled character of the quartzite wherever it oceurs
with the kaolin, The joint planes appeur to fall in a def-
nite system, but an exact pattern carmot be determined
cause of the cover of glacial drift. In outcrops there
always at least two directions ol jointing present,
ich generally meet a1 right angles, one striking paral-
el to the fold axis and the other normal to it, They
enerally show quite steep dips, which makes the deter.
aination of the true bedding difficult in the massive
iembers of the quartzite.
The deformational effects are also exhibited by zones
ranular fracturing in the quartzite, in which the
rtzite has been rendered friable and, in places, even
umbled to a dyst, All of these deformational cffects
May ap important role, since they undoubtedly have
fected the course of emanations and cirerlating
ters during the hydrothermal activity,

Descriptions of the Kaolin

The lowey or eastern kaolin body has been partiatly
Cavated, resulting in good exposures of the kaolin iq
%0th the Hatch and Bushe y pits. The Hateh pit consists
HOS_HY of reworked material since a period of active
ﬁlng Was followed by a stumping of the walls after
Yities ceaged, As result, the deposit is a mixture of
© kaolip, very sundy kaolin, and kaolin containing
Ements of kaolinic and massive quartzite, The west-
face op footwall of the deposit remains relatively
St‘_lrb(%d. displaying a massive and resistant guartz-
_‘-’."hlch determines the position of the footwall, Oc.
Ming throughout the

i

kaolin in this pit are numerous

fragments of o milky quartz vein. The vein is approx-
imately four inches in thickness and lies in chunks
throughout one area of the pit. Its cloudy appearance
may, i part, be due to disseminated kaolin indicating
that the formation of the kaolin took place during the
deposition of the quartz vein. In addition, the chunles
of vein quartz are extensively pitted, the pits containing
white, hard kaolin, which is further suggestive of
contemporancous deposition.

Within this same ore body and along the strike south-
ward is the Bushey pit. The walls of this ol pit have also
slumped;; however, a recent cut along the south face
clearly reveals the structure of the ore body and the
kaolin in place. The kaolin occurs as void fillings in the
kaolinic quartzite, as ntercalations, as lenticular forms,
and as fillings in fractures. For the most part, the kaolin
is white and appears 1o

be relatively pure. Some
of the layers of kaolin,

which apparently have re-

sulted from the alteration of the phyllitic members of

ormation, contain graphitic areas of shaly
malerial representing incomplete alteration (Plate 17).

the quartzite |

Plate 17,

Outcrop of easterly dipping Cheshire Quartzite
approximately a mile north of the kaolin deposit. Much of this
cuterop consists of fayers of black phyllitic rock (graphitic,
quartz sericite schist),

When examined in thin section, this black, leached shaly
material shows a mass of sericite and voids in an aryil-
lacecus groundmass. Most of the formation consists of
kaolinic quartzite that retains the original bedding and
cross-hedding, in which replacement has progressed to
such a degree that the material 1s of an extremely sandy
nature which can be easily removed, The kaolin and the
sugary silica sand definitely appear to be the result of
the alteration of the bedded quartzite, Layers of a hard,
cream-colored  kaolinie quartzite of a porous, fine-
grained variety are also found in the formation
Animportant feature in this cut (Bushey Fit) is the
presence of milky quartz veing throughout the deposit




(Plates 18-23). Once again, it is evident that this second-
ary quartz was formed in the quartzite with the kaolin
mineral and sericite, in the form of irregular veins,
siringers, and pockets. The milky appearance of the
quartz, in particular the crystals along the outer edges,
can be interpreted as evidence for the formation of the
kaohin during deposition of the secondary quartz vein.
The upper or westerly kaolin body has not recently
been excavated, and so, all that is known of the nature

Plate 20. Close view of south face of the Bushey pit showing
layers of kaolin, and kaolin filling the fractures in the quartzige
layer.

Plate 18. South face of the Bushey pit (lower kaolin body)
showing intercalated layers of kaolin. The hammer pomts to an
area of black graphitic material that has not been completely
altered to kaolin,

Plate 21. South face of the Bushey pit showing jointing and
cross-bedding in the quartzile, intercalated layers of kaolin, and
kaolinic quartzite at the bottom of the picture.

Plate 19.  South face of the Bushey pit showing layers of massive
quartzite, intercalated layers of kaclin (hammer}, and bedded
kaclinie quartzitc.

of the kaolin there is derived from the material obtained
by auger drilling and trenching, Drilling investigations
indicate the presence of a thick deposit which has heen
discussed previously. This deposit is intercalated with
beds of quartzite, kaolinic quartzite, and kaolin, much
the same ag in the lower hody. However, the kaolin of

. o ; . Plate 22. South face of the Bushey pit showing the thin int.ﬁf' :
this occurrence appears to be of a different kind, as it calated kaolin layers. These layers once consisted of a phylibe

has a variety of colors rvanging from red to purple. rock subscquently altered to kaolin.
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# : et e
plate 23.  South face of the Bushey pit showing cross-bedding in
‘- the massive guartzite layer, Kaolin has replaced the narrow more
. purous fayers exhibiting the bedding, The eross-bedding is tangen-
tal to the basc of the stratwm indicating a normal position

of the layers.

“Pieces of a reddish purple, shaly material arc quite com-
‘men. As is the case with the leached shaly material in
the lower body, an examination of this rock in thin
section reveals mostly sericite in an argillaceous ground-
‘Wass.

. Chemical analyses of the kaolin (Table 2), though of

TapLe 2
CHEMICAL ANALYSES OF CRUDE KAOLIN
EAST MONKTON

Lower Body Lower Body Upper Body

Halch Pil Bushey Pil Purple-X
63.570 65,480 59.380
0.340 0.240 0,480
22.473 23.528 25.180
1.250 0.992 4741
0.260 0.340 1.566
0.008 0.001 6.005
1.004 G.236 1.122
3.474 2,895 2,509
.007 0.020 0.611
Loss on Tgn., 6.600 7.380 5.460
Tatal 98.988 101.112 160,376

Analyses by M. F. J. Tupper, chemist for the Vermont Kaolin
Orporation

: BENNINGTON
510 56.98
TiOy i.67
ALO; 28,52
Feq0y 76
MpO 1T
Ca0 10
K0 1.41%
Loss on Ign. 9,25
Total 99 .46

—

AnalYSiS by the Merrimac Chemical Company (Jacobs, 1940)

not much practical value, show that the kaolin contains
a fair amount of impurities, that it approaches rather
closcly the composition of sericite, and that the accom-
panying quartzitc parent reck controls the content of
gilica. The analysis of the colored kaolin from the upper
body shows a higher iron content and a slightly higher
alumina content than similar analyses of the kaolin
from the lower body, very probably indicating a differ-
ent type of host rock. It is interesting to note that all
three of the East Monkton analyses (Table 2) have
high polassium content and are low in water which is
suggestive of a sericitc alteration product (Table 3).
TanLe 3

CHEMICAL ANALYSES OF KAOLINITE,

MUSCOVITE AND SERICITE

Muscovile ({deal)

Kaolinite
Si0. 46.5 510, 45.2
AlLO; 39.5 AL, 38.5
H,C 4.6 15L0 i1.8
H.0 4.5
0

Total 100.9 Total 100,

Sericile (Number 44-Windgalle)

50, 51.83
ALGy 28.77
Feyy 2.63
Fel i.9¢
NgO 0.54
Cal 0.63
IG0 8.63
Na,() 0.98
H.O 3.77
Tolal 80,69

Analyses from IB. 8, Dana (1893, p. 618 and 686)

Age of the Kaolin

The age of the kaolin can be placed in a certain range
of time only by determining its relationship to the bed-
rock, glacial deposits, and reglonal igncous activity.

The guartzite in which the kaolin occurs is obviously
older than the kaolin since there is definite evidence of
the replacement of the silica cement in the guartzite
member, the alteration of the interbedded phyllitic
rocly, and the deposition of kaolin in the joints and frac-
tures of the quartzite. The kaolin occurs as a result of
deformation, and its development would have to follow
the last major fanlting movements. Bain (1925) feels
that the latest faulting along the Green Mountain front
was during Triassic and Jurassic times. According o
this supposition, therefore, the kaolin at East Monkton
would bave been developed during orv following Tri-
assi¢ lime.

The deposits are definitely pre-Pleistocene as is evi-




denced by the overburden of giacial drift. Since the de-
posits lie in the path of glacial action, and it is evident
that the glacier deeply eroded much of the [ractured
and overturned anticline 1 which the kaolin occurs,
it is reasonable to suppose that glaciation has removed a
congiderable part of the upper portion of the kaolin beds.

The Barber Hill syenitic intrusion in Charlotte and
the numerous dikes in the Champlain Valley all cut the
Ordovician rocks of the area, and in many places cut the
Champlain thrust. Most of the dikes are vertical and
undisturbed, ndicating that they arc associated with
the intrusion of magma following the Paleczoic orogen-
ies. This would place the age of the intrusives not earlier
than Triassic times. In support of this hypothesis, a
radicactive age determination made of the camptonite
dike in the Willard’s Ledge quarry at Burlington, places
its age in the Triassic period (Urry, 1937). Since the
theory of kaclin origin at East Monkton in this report
is based on the hydrothermal influence of hidden mag-
matic bodies, and since emanations from these intrusions
are considered to have resulted in the formation
of the kaolin, it is reasonable Lo assume that the forma-
tion of the kaolin has approximately the same age as the
regional intrusive action.

It seems highly probable that the kaolin deposits
along the Green Mountain Front at Bennington, Bran-
don, and East Monkton resailed from the same process
and, therefore, are of the same age, yet the Brandon
kaolin is associated with lignite which has been dated
as Miocene by a study of the contained plants. However,
since the deposit is of a sedimentary nature, in that it
consists of strata of kaolin and lignite, the writer {eels
that it is secondary and the result of a reworked nearby
primary deposit.

According 1o the above data, the age of kaolin forma-
tion at Bast Monkton is post-Permian and pre-Pleisto-
cene, probably Triassic in the writer’s opinion.

PETROGRAPHIC STUDY OF THE
KACLIN AND THE QUARTZITE

The Kaolin

Samples of kaclin from both the lower and upper ore
hodies have been examined petrographically, in an
attempt to determine the kaolin mineral, or minerals,
present. The use of the petrographic microscope for
such a determination has definite limitations but can be
of considerable value. Optical properties are difficuls
to determine because of the very finc-grained character
of the kaoclin, hence some of the resuits obtained may
be misleading. Fortunately the kaolin is relatively pure
and, except for the presence of silica sand, 1s of & mono-
mineralic character, so that the optical valucs obtained
give a good clue as to the kaolin mineral present. Most
of the kaolin consists of relatively large kaolinite
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“worms” of a vermicular nature, which can casily b
detected when using the high power objective, These
“worms’ vield good optical data, and their Dropertieg
definitely establish them as kaclinite.

The presence of these colorless “worms” of leaclinita
permits an accurate determination of the indiceg of
refraction, the birefringence, and Lhe optical sign of the
kaolinite. The use of index of refraction liquids showeg
the kaolinile to he slightly over 1.561, which ig Within
the range of the three indicies possessed by the mopg.
clime mineral. The birefringence is weak, which is the
case with kaolinite, since the difference between he
highest and lowest indices (alpha and gamma) is sman
(.00S). Its relief is low, and the interference colorg are
low, in the grays and whites. The kaclinite is too fine
grained to obtain an interference figure; however, Grin
(1933) states that the alignment of kaolinite particleg
parallel to the ¢ and b axes will result in the appearance
of a good interference figure by which the positive
optical sign and the axial angle can be determined. The
most distinctive clue in determining that the kaglin
mineral is kaolinite, however, is the particular aceordion
or worm-like characteristic of the mineral,

A good deal of sericite is also found in the kaolin, and
can be distinguished from the kaolinite by its higher
relief, strong birefringence and negative sign. The seri-
cite occurs as minute shreds and scales. It is formed as
a result of hydrothermal alteration, and much of it ap-
pears to he the result of the alteration of the phylitic
layers within the quartzite formation.

A petrographic examination of the kaolin reveals the
presence of gquartz, kaolinile, and hydrous mica or
sericite {possibly illite}, the major accessory minerals
being tourmaline and zircon.

The Vermont Kaolin Corporation submitted a sam-
ple of the kaolin to the Colorado School of Mines Re-
search Foundation, Inc., for an X-ray diffraction anal-
ysis. The analysis indicated that the natural clay con-
tained kaolinite and alpha quartz as the major minerals
present, and a hydrous mica as a minor mineral. The
kaolinite produced a sharp, well-defined diffraction
pattern indicating good quality “crystailites” of rela-
tively large size. The silica present was found to be
alpha quartz “crystallites” of good quality and of
sufficiently large size to give a clear, sharp diffraction
pattern,

During August of 1066, & sample of dark brown clay
was taken from an areain the ITatch Pit and was X-rayed
by the Anglo-American Clays Corporation of Sanders:
ville, Georgia. The analysis was only semi-quantitative,
but the result was as follows: kaolinile, illite, and vesr-
miculite cach formed 25-30%, of the sample, while the
remainder consisted of an amorphous material and 2
mineral intermediale between vermiculite and ilfite:
Since guartz was conspicuous by its absence and is very




amon in the surrounding vocks, the dark brown
o0 _ e
: terial may originally have been a small basic in-
md .
I gstve, subsequently altered to the clay minerals,
i;‘ a3 T

Heavy and Light Mineral Examination

This study was made to determine the» heavy minerals
- present in the kaolin deposit at East_ Monkton, and at
the same time Lo examine t@e light minerals for feldspar
“or partially decomp.osed feldspar, Sampicspf sandy
» jolin from both the Hatch and Bushey pits of the lower
*ore body were examined, : _
The heavy minerals are for the most part the minerals
of the parent rock which survived destraction by
weathering, abrasion, or interstratal solution; they are
the accessory minerals of the quartzite and are marked
: by e higher than average specific gravity, The heavy
minerals in the original quartzite are quite rare, and
form Tess than 1.0 percent of the sandy kaolin, Tn order
tostudy them it was necessary to isolate them from the
bulle of the light minerals with which they are asso-
ciated. This separation was performed by the standard
method which is described below.
Approximately a 100-gram sample of each was taken
from a representative laver in the kaolin deposits. The
csemple was dried and then washed on g 200-mesh
sieve Lo wash out the clay particles. The remaining
sand was then dried and passed through a 60-mesh
ssieve to obtain a fairly uniform size. About 10 grams of
Cthis fraction wore placed in a 125-milliliter separatory
funnel with approximately 25 milliliters of the heavy
iquid tetrabromoethane (specific gravity 2.950). The
ssample was agitated and stirred thoroughly and allowed
o settle for a few hours. After all of the heavy minerals
“had apparently settled out, the heavy and light fractions
‘ere removed, washed wilh acetone, and dried on filter
@per. Both the heavy and the light minerals were
ounted on slides that were covered with a thin coating
{caedax {index of refraction 1.54). The slides were then
before examination with the petro-
graphic microscope,
The sandy kaolin from the two pits of the lower ore
Body containg the following heavy and light minerals,

Heavy Mingrars

o The lollowing heavy minerals were found in order of
.decr@aSing abundance: zircon, tourmaline, magnetite

and Umenite, leucoxene, garnet, ankerite, rutile and
- Cpidote.

LiceT MiNgERALS

Quart, only,
Ctierally
“Sratjgy

3tr£ttig

a heavy mineral analysis is uged for cases of
aphic correlation because, theoretically, each
Taphic unit differs to some degrec [rom every

o] . . .- )
I Stratigraphic unit in the character and abundance

of its suite of accessory minerals. The he
assemblage also proves useful as guide to the kind of
source rock from which the sediments were derived,
In the case of the sandy kaclin at East Monkion, it is
obvicus that the source rock g the quartzite that hag
undergone a replacement process, but the occurrence
of different varieties and forms of tourmaline may be
an indication of the conditiong which brought about the
replacement within the uartzite membher,

The varicties of touwrmaline might possibly be a cluc
to the nature of the conditions to which the source rock
was subjected. They appear as irregular fragments,
well-rounded grains, euhedyal grains, and what appears
to be overgrowths on other well-worn or fragmental
towrmaline grains. Varieties found ate brown, tan,
olive-drab, pink, blue and colotless, The cuhedral va-
rieties may have heen transported without showing
signs of wear. However, he overgrowlhs on the well-
worn varieties strongly indicate an authigenetic origis.
The source of the material Necessary for the formation
of the tourmaline, a complex boren aluminam silicate,
may have a relationship to the conditions under which
the guartzite rock was replaced. The tourmaline, other
than that of detrital origin, may be the resull of pnet-
matolytic or solution activity from igneous intrusives,

An examination of the light mineral fraction shows
both angular and rounded quartz grains. No feldspar
fragments were found in the three separations made,
The fact that no feldspar was found in the sandy kaolin
indicates that the quartzite layer contained very little
detrital feldspar, or that what feldspar was present hag
been completely replaced by the process of kaoliniza-
tion. The quartzite is certain] y not of an arkosic nature
in any of the occurrences observed hy the writer, This
fact further supports the hypothesis that the kaolin is
a result of the replacement of the phyllitic layers and
the silica cement in the quartzite and not the decom-
position of feldspar,

avy mineral

The Quartzite and Casts of Knolinic Quarezite

The quastzite in which the kaol
members of the lower Cheshire and, possibly, upper
Mendon formations. In many horizons there is quartz-
ite which has not heen attacked by hydrothermal ac-
tivity, and is of a white o brown, massive and some-
times vitreous nature, in places even resembling vein
quartz. A thick layer of this massive quartzite separales
the two kaolin ore bodies. Also within the kaolin ore
bodies are layers of this massive quartzite. A layer of
this quartzite exhibiting massive and jointed character-
istics is exposed in the Bushey pit. Much of the massive
quartzite, particularly the more granular and porous
variety has distinet bedding, which is further empha-
sized by excellent cross-bedding, The horizontal and
cross-hedded layers of the porous quartzite contain

in oceurs comprises




kaolin, which was introduced by the solutions passing
through these connected openings. These narrow layers
represent porous and permeable avenues through which
solutions passed. These solutions also deposited sec-
ondary silica cement and a carbonate cement which
were, in turn, replaced by kaolin,

The formation in which the kaolin occurs is inter-
laminated with argillaceous layers of a phyllitic rock,
perhaps best described as a graphitic, quartz-sericite
schist. This material has for the most part been re-
placed by kaolin occurring in relatively pure, vein-like
layers,

The most extensive member of the kaolin-bearing
formation is the kaolinic quartzite. This porous and
friable rock consists of kaolin and detrital quartz
grains, The quartz grains maintain their original posi-
tions, and the kaolin oceurs in the interstices between
these grains. It is noted that the quartz graing have a
marked vertical clongation, and that this clongation,
alonig with a definite lineation of the grains, is preserved
throughout the rock. The original structure of the
quartzite and the cross-bedding features ave preserved in
this way. The kaoclinic quartzite appears to contain
over 60 percent kaolin, and makes up most of the Jower
ore body.

The kaclinic quartzite has been studied in detail, and
casts of it have been taken for examination under the
microscope. The casts were ohtained by applying alayer
of collodion over a smooth surface of the porous quartz-
te. The dried collodion was peeled off, revealing a per-
fect cast of the solution cavities among the primary
quartz grains; these casts show definitcly that the ma-
terial around the elongated and lineated quartz-grains
has been replaced by the kaolin, The cementing male-
rial of the Cheshire Quarlzite appears to be secondary
silica, and this secondary silica was acted upon by
hydrous alumina solutions in forming the kaolin which
now occupies the interstices. Since anlerile has been
found in the petrographic study of the sandy kaolin,
there is a chance that some of the cement was a car-
bonate; at any rate the cementing medium has been
replaced by kaolin.

Thin Seciion Analyses™®

The purpose of this study was to examine the mineral
content of the quartzite, and to cxamine the texture of
the leaolinic quartzite. A series of rocks consisting of the
massive quartzile and the different varieties of kaolinic
quartzite have been examined in thin seclion with the
petrographic microscope.,

The massive quartzite is composed almost entirely of
strained quartz grains and a finc-grained silica cement.
This massive guartzite contains very few feldspar grains

* Specimens from Bushey pit, unless otherwise stated.
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and only a few well-rounded detrital heavy Mifergl
The kaolinic quartzite, however, contains some ?mthi;
genetically formed tourmaline, and some of the DPoroys
and very fine-grained rock Qontains authigenetic felg.:
spar, for the most part microcline. :

The texture of the kaolimic quartzite becomes evident:
when examined microscopically, There are mergy
voids formed as solution cavities around the Primary
quartz grains, It appears that the secondary giljog
cementing material has been removed, leaving the:
quartzite rock in various degrees of porosity. In Some.
horizons ﬁhe replacement has been so complete that.
the remaining primary quartz grains and kaolin regyjp.
in a highly friable rock.

A description of hand specimens and accorpanying
thin sections follows:

HAND SPECIMEN K1

Massive quartzite from the resistant laver Separating
the two kaolin ore hodies. Ttis of a light gray color with
brown streals of ferric oxide and contains a few cavilies
that appear along bedding directions; however, the
bedding is not apparent.

Plate 24, Thin section of specimen K 1 {20 power). i‘\{ass_i.
Cheshire Quartzite with the primary quartz grains showillg
wirdulatony extinction and lineation.

Thin Section—K 1 {Plate 24)
Quartz—large elongated grains showing deﬁ“}&?
lineation and undulatory extinction. These large grams
are sct in a very finc-grained secondarv silica cement..
Zircon—few and rounded.
Towmaline—few and rounded. Olive-drab and
brown.



Lron Oxide—specks of ferric oxide.
This section contains a few rounded cavities within
-é mass of the fine secondary quartz grains.

HAND SPECIMEN IC 2

-A massive quartzite from a resistant layer .in the
Hateh pit (same as quartzite in Bushey pit). ’IJ"lns rock
gows well-defined bedding and cmss—bedcln:}g, ‘I\‘l'le
“hedding 18 excmplified by the porous nature of certla%n
‘gorizons; these thin layers have becon.&e a ]Tfao}m:o
_q"ﬁ;p:‘tZite, since the numerous voids contain k'aohn. Th.c
.'porous, thin layers, are white, and the massive rock is

Hieht to dark pray with brown streaks,
£o3

hn Section—IKC 2

: Quartz—large elongated grains showing lineation
‘an& undulatory extinction, cemented by small second-
‘ary quartz grains,

- Zircon—few and rounded.

- Tourmaline—few and rounded.
brown.

. Garnet—{ew,

llmenite and Leucoxene—few patches.

Rutile—few fine needles.

Iron Oxide——specks along bedding planes.

'his section shows the transition from massive
ning to porous layering. The porous layers contain
1y rounded solution cavities within the secondary
3 cement.,

Olive-drab and

Thin section of Specimen K 3 (20 power). Shows
between & finc-grained kaolinic guartzite layer and a
“grained masgive quartzite layer. Note the numerous voids
kaolinic quartzite,

0 the
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HAND SPECIMEN K 3

This specimen shows the conlact hetween a fine-
grained kaolinic quartzite layer and a coarse-grained,
massive quartzite layer, hoth containing numercus
cavities. The fine-grained Ikaolinic layer is white, and
the coarse-grained, more massive layer, is a dark gray.
Thin Section—IC 3 (Plate 25)

Quartz—the coarse, massive layer consists of large,
clongated grains, many bounding each other and others
separated by a fine-grained secondary silica cement,

Tourmaline—olive-drab, brown and pale yellow to
colorless.

Zircon—few and rounded,

Sericite—within the coarse, massive layer as veinlets,
and also surrounding a few of the large prains.

Leucoxene—few patches.

In this section the Ane-grained kaolinic quartzite
containg many irregularly rounded solution cavities,
The coarse, massive layer contains rounded cavities
occurring in the secondary silica cement.

HAND SPECIMEN I 4

This is a specimen of fine-grained, kaolinic quartzite,
A very porous member of the quartzite group with
kaolin occupying the voids.

Thin Section—TI 4 (Plate 26)

Quartz-—fine-grained primary quartz surrounded by
even finer grained secondary quartz.

Plate 26,
grained kaolinic quartzite. Numerous voids represent solution
cavities,

Thin section of specimen K 4 (20 power). Fins.
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Tourmaline—olive-drab, brown and yeliowish. Some
are angular and have a euhedral tendency.

Zircon—few and well-rounded.

Sericite—found as veinlets and also surrounding some
of the quartz grains.

This section of fine-grained kaolinic quartzite con-
tains many voids representing solution cavities. Their
form indicates that they were once cccupied by fine-
grained, secondary quartz,

HAND SPECIMEN X §

This is a specimen of the fine-grained kaolinic
quartzite with the porosity of some layers more evident
than that of others. The specimen is cut by a vein of
low-temperature quartz which is cloudy and granular
in appearance, even to the naked eye. The outer layer
of the quartz crystals is milkier than the outer layer of
the other crystals, suggesting the assimilation of kaolin
at the time of their contemporaneous formation, As in
the other kaolinic quartzite specimens examined, the
voids are filled with kaolin,

Plate 27.  Thin section of Specimen K § {20 power). Fine-grainec
kaolinic quartzite in contact with a wvein of low-temperature
quartz. The large vein-quartz graing are cloudy. The mumerous
cavities in the kaolinic quartzite contain kaolin,

Thin Section—IK § (Plate 27)

Quartz—fine-grained with 2 scatlering of larger
grains,

Tourmaline—some rounded and others angular,
suggestive of authigenetic overgrowths, Olive-drab
and dark hlue in color,

Leucoxene—some greenish to bluish.

Zircon—few and well rounded.

Sericite—in fine veinlets.

This section of fine-grained kaolinic quartzite g,
tains many solution cavities helieved to have heen,
aceupied by secondary quartz cement, The quartz ve; :
consists of very large, elongated quartz grains, T}
grains are fractured to the point where they appey
granular., The fractures are filled with fine-graipe
quartz.

HAND SPECIMEN K 27

This is a specimen of fine-grained, very Porous whits
leaolinic quartzite from a horizon in the Bushey pit,
contains many thin veins of opal-like quartz. The roc]
exhibits many dendritic manganese stains. The many
solution cavities render it very porous and consequently
of lessened weight. '

Then Section—IC 27, number 2 (Plates 28, 29)

Quartz—a few, large elongated grains, but mostly
fine-grained, angular quartz that appears to have beer:
greatly fractured. :

Feldspar—authigenetic feldspar graing appearing to
have filled the voids between the fractured quart;
grains, The feldspar is mostly microcline with some
orthoclase or possibly adularia. '

Sericite—numerous shreds occurring between the
grains. :

Tourmaline—angular, olive-drab, reddish-brown and
dark blue in color.

Zircon—few and rounded.

Iron Oxide—numerous specks.

This section of porous, fine-grained kaolinic quartzite
is of importance in that it contains authigenetic
feldspar in the many voids, and is cut by thin veins of
what appear lo be opal. Under high power, the vein:
material is isoteopic and contains many white fakes:
which appear to be kaolin, suggesting contemporaneous
formation. [t is notable that none of the feldspar ap-
pears decomposed or undergoing lkaoclinization. Th‘iS.
specimen is pertinent to the theory that the hydrOgS‘
aluminum silicate solution, under varying condition
formed either sericite, feldspar, or kaolinite.

HAND SPECIMEN K 31

Thisis a specimen of greenish hlack shaly rock foqlld-_ :
in the horizons of pure kaolin. It can be fornd in var_\,-'}i'i.g.
degrees of alteration and leaching from a black phylitic:
state to pure kaolin. In many of the horizons it ccowr®
in friable plates that are gray in color and quite slippery
This rock, which is also reddish in the upper ore body,,
vepresents the laminated phyllitic members .fotmd_
throughout the quartzite formalion. It was prevmusl}’.
described as a graphitic, quartz-sericite schist.



Leucoxene—iew patches.

This section of leached rock 15 now completely com-
posed of sericite shreds and flakes, except for numerous
voids. The voids were very likely once occupied hy
leucoxene. The rock is extremely fAne-grained and the
high power objective is reqguired to determine the
sericite grains.

ORIGIN OF THE KAOLIN
General Statement

The association of the kaolin deposits with a zone of
fracturing and faulting is of considerable economic im-
portance, since the horizontal extent of the kaolin may
well be directly related to the zone or zones of deforma-
tion. It is important from a commercial viewpoint that
the source from which the kaolin was derived be de-
termined. If the kaolin was carried into the zone of de-
formation from a superlicial source or derived from the
weathering of a feldspathic rock n situ, it might
bottom before a profitable mining depth could be
reached, On the other hand, if the kaolin originated
from a deep-seated source, it is to be expected that the
deposits persist to depths bencath the Hmit to which
kaolin can be profitably mined.

There have been many hypotheses sugpested for the
origin of kaolin. These hypotheses fall into one or the
other of two classes, depending upon whether the source
of the kaolinizing agency was shallow or deep-seated.
Kaolin formation can be a significant indicator of carth
processes. 1t is now evident that kaolin forms through
a range which involves at one extreme the action of com-
pressed water vapor at a temperature of several hundred
degrees centigrade, and at the other extreme, the action
of atmospheric agencies at ordinary surface tempera-
tures, The relationship of kaolin to the magmatic
process has recently become a topic of interest, since
it has been found that the last of the fluids and vapors
of a magma may react with the wall vock to form kaolin.
It has also become evident that, with time, kaolin de-
posits of hydrothermal origin can become distinguish-
able only with difficulty from lkaolin deposits formed
under atmospheric conditions, that is, those of supergene

e 28. Thin section of specimen K 27 (20 power). Fine-
ained, porous, kaolinic quartzite. Shows numnerous cavities con-
“iaining authigenetic feldspar, mostly microgline,

e origin.
Plat oy . . . . . ..
inz 29-th Thin scction of specimen K 27, number 2 (20 power.) The presentation of this report relative to the origin
as ate exce the nresenc rei . :
e ¢ above plate except for the presence of a vein of opal. of the kaolin at East Monkton has been developed

“Pel vein contains fiakes of kaolin. along the following lines:

L. The various ways that kaolin in other areas is
helieved to have originated.

2. The evidence indicating the manner in which the
Sert - East Monkton deposits have originated.
Zirtzi;eia mass of small lath-shaped sericite. 3,. Conclusions drawn rt.‘,la‘tive to the o_rigin of‘ the
SO ~few and rounded. kaolin at East Monkton as inferved from evidence cited.

Wi Section—1¢ 31

(31]




Review of Previonsly Presented Theories

The section in this report on “Previous Work”
pretiv well covers past ideas concerning the origin of
ihe kaolin at Last Monkton. These suppositions varied
from the decompesition of “graphic granite” to the
generally accepled theory of the weathering of a feld-
spathic quartzite or “sandrock” in place. Barlier men-
tion of the kaolin at East Monkton has been based on
the assumption that it must have developed from the
residual weathering of a feldspathic rock by the well-
known process of kaolinization. In this reasoning, the
quartzite formation in which the kaolin is found had
to be feldspathic. Much of this type of thinking has
developed from the fact that Ries (1927), who can he
called one of Lthe pioneers in clay study, defined kaolin
as a white, residual clay that is the product of weather-
ng. e does mention that kaolinization may on oc-
casion be caused by other processes, but he stresses that
the hvdroas aluminum silicates in clay are produced
chiefly by the decomposition of feldspar. It is only
within the last few vears that the formation of kaolin by
other processes such as hydrothermal activity has been
seriously considered.,

Jacobs (1926) depends on the residual weathering
ol feldspar to account for the East Monlcton deposit by
simply saving that the kaolin lies under a quartzite
capping, contains [ragments of feldspar, and is probably
residual, He also discusses the origin of the Bennington
kaolin by staling that {feldspar fragments, much
kaolinized, and quartz are associated with the clay.
Jacobs (1920, p. 209) goes on to say that “One must
conclude, therefore, thut the feldspathic rocks, whose
alteration has resulted in the formation of kaolin, lic
below the clay deposits.” He doces admit that he was
not able lo find any {eldspathic facies in the quartzite
which cecurs in the mountaing directly to the cast of
the kaohn deposits, and concluded that the kaolin de-
posit must be a {ransported one whose origin was o the
north. :

Burt (1927) describes the Bennington kaolin in detail
and allnbules 1ts origin to a normal wealhering process
during the Tertiary period, the parent rocks being the
Precambrian gneisses of the area, and to a lesser extent
the feldspathic and argillacecus members of the
quartzite. He does not feel thati they are transported,
and he gives pelrographic evidence of the gneissic
pareniage of most of the kaokin. [t 1s interesting to note,
however, that no feldspars are present in the upper part
of the deposits (Allen and Johns, 1960) or in samples
down Lo a drill hole depth of 155 feet. Also, a sample
containing a vein of milky quarlz (Allen and Johus,
1960) shows that the angular quartz has kaolinite etehed
on three surfaces. This same association of milky quartz
veins to the kaolin is quite evident in the lower orve hody

at East Monkton, suggesting contemporaneoys forms.
ti()i.l (.1_?_ the kaolin and quartz as a result of hydmthefrnal
activity.

Dema (1898) records the contemporary forma.tim} of
residual clays from the feldspathic members of the
qga,rtmtes n B;ﬂ{sh-u*e County, Massachusetts, fow |
miles south of Bennington. Burt (1930) also Wtites of .
the development of clay from feldspathic and argil.
laceous heds of the quartzite in the silica quarries i
Cheshire County, Massachusetts, about 20 miles south -
of Bennington, _

In Connecticut, residual deposits of kaclin have heey +:
described at West Cornwall. The deposit is described by
Ries (1927) as being unigue in that it is detived from 5 e
somewhat steeply dipping fcldspathic quartzite, and.
within the deposit oceur “unweathered” beds of
quartzite, Borings at this locality by a wash drill chow
kaolin at a depth of over 100 feet. The major structure
appears to be an anticline, its limbs dipping east and’
west and its crest plunging gently to the south. The
kaclinized zone is sandwiched between hard, massive
Poughquag quartztite layers. The kaolin is also said to
have the appearance of the original quartzile and shows
numerous quartz grains which have not been decom-
posed. The origin of the deposit is attributed to a
quartzite layer containing a high percentage of feldspar
that has been converted to a mass of kaolin and quartz
by the action of “rain water” working its way down
through fractures and converting the feldspar fo kaolin,

All of these kaohin deposits resemble the East Monk-
ton deposit, vet there are definite indications that the
Monlkton deposit is not residual kaolin formed by the.
surface weathering of a feldspathic rock. That deposits
of this extent and depth are solely the result of the
decomposition of feldspar (which in many cases is not
present) must he questioned. The writer can only base
his results on observations made at the East Monikton
deposit, yet the other western New England deposits
appear in many ways geologically similar.

Modern theories concerning the formation of kaclin
by hydrothermal activity are of interest, and may be
the key to the study of the kaolin deposits i western
New England. The hydrothermal and pneumatolytic
origin of keolinite was recognized as long ago as 1819
when a group of German scientisis noted that kaolin
deposits occurred at the top of a granite slock between
converging hematite veins, Also, the presence of
fluorspar was noted in some kaolin deposits, and from
this it was concluded that kaclinization had beed
brought about by hydrofluoric acid vapors. The German
scientists becamc strong advocates of the idea thab
kaolin is not formed by weathering but by the action ot :
thermal waters or pneumatolytic processes.

The pneumatolytic theory was studied by J- H.
Collins (1887), who strongly supporied the theory that
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ihe kaolins of the Cornwall District of England were of
geumnatolytic origin. In the Cornwall District are found
ome of the deepest known kaolin deposits in the world,
Qccul‘fiﬁg In a granite traversed by tin veins: they have
een worked to a depth of several hundred fect. Collins
ought to show that the kaolin was formed by the action
of fluoric vapors on the granite, and atlernpted to prove
-xperimentally that this was possible by exposing
fldspar to the action of hydrofluoric acid, According
to his reports, the leldspar was converted to a hydrated
gilicate of alumina, mixed with a soluble fuoride of
potassivm, While pure silica was deposited on the sides
of the test tube, When examined microscopically, the
artificial clay produced resembled washed kaolin,

Since the early experimental work of Collius, maay
laboratory experiments have hecen conducted in an

~attempt to artificially establish the conditions for the
: forraation of kaolin. Many of these experiments have

been successful; however, more pertinent to the theory

. of this report are the formation of kaolin deposils under
- watwral conditions. These conditions and results may
ot be strictly similar to the formation of the Monkton

deposits, yet the overall process appears to be similar,
R A, Daly (1928) reports on the feldspathization of
quartzite within the Bushveld igneous complex of the
Transvaal. The metaemorphism of the sandstone has
wsulted in an impressive enlargement of the quartz
grains, This increase in grain size is thought to have
taken place in the originally more porous layers, where
tnmate water was most abundant. Steam or “water-
gs" was forced throu gh the porous layers of the heated
sediments, the resulting solution and recrystallization

ol the quartz leading to the increase in grain size, The
- ahion, then, would be somewhat analogous 1o that in a

©Ommon coarse vein of quartz. The most important
rocess, however, is the feldspathization of the guartz-
te, especiall ¥ where it 1s in contact with the granophyre
"eoarse granite, One specimen has about 17 percent by

- Yeght of soda-rich orthoclase and oligoclasc-albite in
-tgual proporlions, while another specimen contained an
tven higher pereentage of feldspar, making up ap-

Pl'OXimately half of the rock. Tt is noteworth y that even
though much of the quartzite has undergone felds-
Pathization | g onginal cross-bedding is well preserved
1 the outcrops. Daly feels that the genetic problem is
P&rticularly important on account of the fact that the
“ge-scale alteration of the Bushveld quartzites scems
ﬁeaﬂy to be the same as that discussed in relation to the
Ted rocks of Minnesota and other areas, where there
f-‘ﬁniteiy hag been a feldspathization and development

B¢ : . . .
¢ &aphic texture quartzite through the influence of
C iy d: : , o

' fl\fadmg granophyric and granitic magma.

tirke (1927) made 5 study of the Lorraine Quartzite
‘ udbury, Ontario, and found a similar situation
Here the feldspathization of the quartzitc has taken
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place, The conversion secms to have involved the re-
placement of large quantities of quartz by feldspar.
There has been a {eldspathization of the quartzite hy
the process of assimilation within the magmatic in-
vasions and beyond the contact of the intrusives. Again,
it is interesting to note that the original structural at-
titude of the sediments has been preserved in spite of
the profound mineralogical alteration.

In connection with the same line of reasening, Bailey
and Tyler (1960} have come up with a theory relative
to the formation of the clay minerals associated with
the Take Superior iron ores, They have found that
lcaclinite can be formed readily over a wide range of
temperatures, either by hydrothermal synthesis from
the oxides, by reaction of gels, or by alteration of
feldspars, but hoth their synthesis data and evidence
provided in field relationships for similar clays cisewhere
in the world, suggest that the clay mineral assemblage in
the Michigan iron ores is primarily the result of hydro-
thermal activity.

C. M. Riley (1959, p. 185) discusses an oceurrence of
mercury on the slopes of the Sierra Motrena at Almaden,
Spain. The ore occurs in highl y folded and faulted rocks
of Bilurian age, and the sequence of slates and quartzite
layers have a nearly vertical attitude and were partially
replaced by cinnabar. The theory here is that the solu-
Lions, probably derived from the quartz-porphyry in-
iruston, chose the quartzite layers because of a higher
permeability and favorable chemical nature, or both.
The significance of the deposit lies in the fact that the
solution first introduced sericite, with the ore minerals
later replacing the sericite and quartz,

In the writer's opinion, the best description of a
kaolin deposit that resembles the one at East Monkton
is that of the occurrence atb St Remi in Amberst
County, Qucbec. Here g deposit of kaolin is associated
with Precambrian quartzite in a zone of fracturing, and
according to Wilson (1919), is of hydrothermal origin.
These deposits, like those at Fast Meonlcton, are peculiar
in that they are not associated with highly feldspathic
rocks but with quartzite. The kaolin has been deposited
in situ along fracture and fault planes, but more im-
portant is the fact that relationships between the kaolin
and the guartzite defivitely show that much of the
deposit is a result of the replacement of the quartzite
wall rock by kaolin. Wilson feels that it is reasonable Lo
assume that, if the deposits have been derived from a
deep-seated source, they have presumably been formed
by the alteration of feldspar contained in granite oc-
curring along the lower margin of the fracture zone, and
have been carried upwards and depesited in the upper
part of the zone by ascending thermal waters,

Osborne (1935) discusses the laolin deposit at St
Remi and considers that the quartzite was originally
feldspathic, and that the feldspars were replaced by




hydrothermal solutions coming from the granites of
the region. There seems to he agreement that the
deposit is a result of hydrothermal activity; however,
Osborne’s theory that the feldspar already was in the
quartzite and later veplaced, is questionable. A great
amount of feldspar would be required to form a deposit
as extensive as the 8¢, Remi one, which has been stressed
by Wilson and will be discussed later on in Uhis report
when replacement. evidence is cited. At any rate, it
would scem more reasonable to assume that at hoth St
Remi and Bast Monkton, the replacement process in-
velved a great deal more than the fow feldspar grains
found in the quartzites.

Allen and Johns {1960} had x-ray diffraction patierns
made of the St. Remi kaolin and found many books
of micaceous plates of kaotinite present. They also found
hydious mica (sericite), quartz, and a few rounded
zircon grains, They feel that the presence of kaolinite
suggests that the replacement process took place at a
temperature below that which dickite forms, Just as 1s
the cage at East Monkton, the redistribution of the
kaolinite and quartz, and the known cxtension of the
deposit to a depth exceeding 150 feet would favor the
hypothesis of replacement by warm magmatic solutions
rather than by surface solutions associated with normal
weathering processes.

Hypogene Origin
HYDROTHERMAL REPLACEMENT

Bydrothermal alteration is defined in the Glossaiy of
Geology (1957, p. 143} as follows: “Those phase changes
resulting from the interaction of hydrothermal stage
fluids (hydrothermal solutions) with pre-existing solid
phases, such as the kaolinization of feldspars, ete. . . .
Also used to cover changes in rocks brought about by
the addition or rvemoval of malterials through the
medivm of hydrothermal fuids.”

The definition covers both processes of hydrothermal
activity, which, it would gsecm, has resulted in the forma-
tion of kactin in the Cheshire Quartzite at East Monk-
ton. There is conclusive evidence thal the cementing
medium of secondary silica in the quartzite has been
replaced by kaolin, The quartzite layers so attacked
have not been highly metamorphosed and exhibit the
original bedding. Intercalated with these quartzite
layers arc thin layers of a schistose material. The
alteration of these thin lavers of graphitic, sericite
schist to kaolin requires the method cited in the other
part of the definition of hydrothermal alteration,
namely, that there has been an intcraclion of hydro-
thermal solutions with a solid phase. H ydrothermal
action is extremely varied, and here it is apparent thal
the results of this action depended upon lhe kind of
host rock involved, Furthermore, such abundant
changes in mineralogy and in chemical composition can

take place only when relatively large amounts of g,
tions are present. The altered quartziles thus Produceq
are proof that large amounts of solutions moved throygh:
the rocks, to say nothing of the kaolin deposited. :

Physical changes brought about by hydrot’tae;mal_
alteration are varied. According to Schwartz (1959) :
altered rocks are generally more porous and permeabie’
and the alteration is found to be a result of the Ijenetl-a:
tive powers of solution rather than diffusion. Textirg)
changes brought about by hydrothermal alteration oftay,
result in a disseminated mass of very fine-graineq -
minerals with a definite decrease in grain size, This ig"
the situation within the quarlzite layers at East o
Monkton, since the veplacement of the fine-graineq
silica. cement by kaolin produces an extreme change ip
grain size. ,

Fractures play an important part in hydrothermal
alteration since permeability is necessary for the 1ntrgs
duction of the hydrothermal solutions. f‘.\ccording to
Schwartz {1959), a genetic relationship exists between
alteration and fracluring, and the control of fracturing
in non-calcarcous rocks is generally thought to bhe
physical and structural rather than chemical. Intense
fracturing and brecciation certainly is conspicucus in
the East Monkton area, and it becomes evident that
hiydrothermal alteration and associated processes have-
had an important effect on the preparation of the rock
for kaolin enrichment by the development of porosity
and  permeability, in addition to introducing the
IICCESSAry mincrals.

Schwarlz (1959) states that it is gencrally accepted |
that the minerals formed during hydrothermal action
depend upon four main conditions: 1. composition of the
original minerals and vocks, 2. composition of the in-
vading solution, 3. temperature, and 4. pressure. Time
18 also important in the phasc relationships, since it is
evident that equilibrium is not commonly reached
during hydrothermal processes, and the stage at which
action ceases ig therefore important.

The number of minerals formed is large, particularly
in the group of clay minerals, Kaolinite was the first ‘
clay mineral to which a hydrothermal origin was as--.
signed, and now most clay can be said to have been
formed as a result of hydrothermal activity at some
place or time (Schwartz, 1959). Schwartz also states that
the common minerals formed as alteration products are:!
sericite, quartz, chlorite, sulfides, epidote, zoisite,
clinozoisite, alunite, calcite or other carbonates such as
ankerite, and the clay minerals, There appear to be
many differences of opinion on this point, but generally
quartz, sericite and clay minerals ave characteristic of
the intermediate and acid rocks. Also, shaly rocks %re
commonly characterized by sericite and dolomite
(ankerite).

It seems that quartz is an important mineral in the




pedrothermal alteration process, and silicification can
'hé intense. The amount of silica released by the altera-
fion of feldspar to sericite or kaclin is likety to he fine
gained and  difficuls to identify (Schwartz, 1059,
E)uartz is actually introduced by hydrothermal soly-
jons, generally occurring as veinlets such as those so
Cevident in the undisturbed section of the Bushey pit in
he East Monkton deposit.
Sericite is one of the most characleristic minerals of
hydrothermally altered rocks, In igneous rocks it re-
aces feldspar in the early stage, but later in the process
replaces ferromagnesian minerals, commonly with
dhlorite as an intermediate product. Schwartz {1959)
states that quartz can also be atiacked by the sericitiza-
“iition process.
2 Of the less common minerals, tourmaline deserves
romment since it occurs in deposits that are typically
drothermal. Touwrmaline is abuadant in greisen de-
veloped under so-called preumatolytic conditions, hut
some geologists believe that the iquid phase is more
mportant than the gas phase in such alterations.
Depesits in Bolivia have tourmaline in association
with kaolinite, chlorite and muscovite, In Quebec,
ack tourmaline occurs as vein fillings and as extensive
eplacement in schists and granodiorite in deposits
lassified as hydrothermal At East Monkton some
uthigenetic tourmaline occurs with the kaslinite
nd sericite,
Itis evident that most of the kaolin at East Monkton
as resulted from the replacement of the silica cement
the quartzite. [t would be couvenient if the cementing
nedinm was once a carbonate, but the writer believes
that the cement, which the kaolin has replaced was the
me as that in the unaliered quartzite, to wit, a
e-grained secondary silica.
Quartz is generally thought to be resistant to most
inds of alteration, but it was noted by Sehwartz (1956)
tin cases of severe argillitic alteration it is attacked
found the periphery of large grains, which is also the
e at Bast Monkton, Ries ( 1927) concedes that quartz,
lthougly apparently resistant, is not left untouched. H e
asfound that in petrographic studies of various siliceous
O_CkS, replaced silica grains and authigenetic siliceous
Merals commonly oceur in the same strata. The sug-
estion is that the silica dissolved during replacement
Ovides g significant quantity of that precipitated
llhigenetically. The writer believes this to be the case
at East Monkton, along with the fact that hydro-
t:he-'fmal aluminaubearing solutions reacted with much
o the replaced silica Lo form (he leaolin, hut it appears
::hat the conditions causing this type of replacement are

- What caused the silica to become soluble is a difficutt
lestion to answer. Studies indicate that the solubility
SHuartz increases rapidl y with an increase in pH ranges

above pH 9, but in the geologically common range from
pil 5 to pH 9, the solubility is nearly constant. Since
the alkalinity of water under natural conditions docs
not generally rise above pH 9, it seems probable that the
replacement of the silica is caused by factors other than
pIT variations alone. DPhase relationships such as high
temperature and pressure vestilting from deep burial
may pessibly promote thig replacement. The writer
feels that it is a result of hydrothermal alumina solu-
tions reacting with the sccondary silica cement, and
siuce the quartz cement was fine grained, much of it
was completely dissolved, leaving the primary grains as
grit or sand in the kaolin, Ries (1927} reports on a de-
posit of indianite near Huron, Lawrence County,
Indiana, within the Pottsville sandstone, in which he
favors the theory that the white clay was formed by the
replacernent of the quartz pebbles in the Pottsville
Sandstone. The theory is that the pyrite of the Chester
Shale would, by contact with the underground waters,
be decomposed and vield sulphuric acid, which would
attack the alumina of the associated shales and form
an aluminum sulphate. As the unconformity between
the Chester Shale and the Potisville Sandstone is a zone
of weakness, and the sandstone of the Pottsville is very
porous, a good path is formed for the circulating waters,
hence bringing the syl phate solutions in contact with the
quartz pebbles to form indianite. Ries states that alumi-
num sulphate will alter silica, although he admits that
the exact reaction DLy. which the hydrous aluminum
silicate is formed, eannot he stated. We are faced with
just such a problem in the East Monlkton kaolin deposit
where there is phyllitic material, quartz, and indications
of selution, but no evidence a5 to how the reaction form-
g the hydrous aluminum silicate took place.

There is much evidence, especially in the recent
excavation in the Bushey pit, to indicate that large
masses of kaolin have been deposited by replacement.
The silica cement in the quartzite layers adjacent to the
planes of faulting and fracturing and in the altered
layers of phyllitic material, has been carried away, or
was reacted upon by circulating waters, and Ikaolin
deposited in its place,

The following observations offer evidence that these
masses of kaolin have resulied from replacement:

1. The surfaces of the quartzite beds are channeled
and contain voids in which the kaolin was deposited,

2. Beds of unaltered quartzite remain essentially in
their original dipping attitude thronghout the kaalin
deposits,

J. In many places the hedded and cross-bedded
structure of the replaced iaolinic quartzite is preserved
within the kaolin body itself,

4. The large primary quartz grains in the quartzite
have a marked horizontal elongation and lineation
which are preserved in the kaolin, even where the




kaolin constitutes over half of the material,

5. Most of the quartzite next to the phyllitic lavers
(which have been altered to sericite and kaclin) is
completely devoid of silica cement and consiste of a
friable mass of oriented primary quartz grains.

0. Thin sections of the kaclinic quartzite and casts
of this material definitely show solution cavities and
accompanying masses of kaolin.

7. Milky opaline quartz veins are associated with the
kaolin and kaolinic quartzite.

HyDROPHERMAL SOLUTIONS AND KAOLIN FORMATION

The products of hydrothermal alteration in the outer
portions of the earth’s crust are formed by a process
which follows the crystallization of igneous masses.
Clay minerals formed by this hypogene process result
from the action of gases, vapors, or sofutions that origi-
nate at depth and find their way up through the over-
lying rocks. According lo Kerr (1955}, most of the ele-
ments of the clay mmerals are contributed by the in-
vaded rocks. The chief materials removed from these
crustal rocks are alumina, silica, alkali or alkaline earth
metals, and iron. These materials are transformed into
clay minerals at temperatures ranging from below 100
degrees centigrade to about 450 degrees centigrade
in an environment that may be acid, neutral or alkaline,
depending upon the pH of the invaded rocks and the
acidity of the vapors from the magma. The different
mineralogical and chemical vesponses within the wall
rock are not dependent on a drastic change in the hydro-
thermal fluid itsclf, nor on the periodicity of its opera-
tion, but on continuously varying conditions of physio-
chemical environment within the wall rock outward
from the source.

The belief that the more volatile constituents of
magmas, as they leave the crystallizing masscs, are acid
1n reaction, though they mav change their characteris-
tics as they move on, has become fairly well established,
Gruner (1944} has found that these acid solutions are
inadequate to produce ore deposits and that il is im-
material whether the acidity is produced by halogens
or the 50 radical, since the pH of a solution ig the most
important factor. What is most important is that the
solutions de exist, and that certain hydrothermal min-
erals have been formed by them as can be demonstrated
by numerous laboratory experiments.

Gruner (1944) feels that such hydrothermal solu-
tions exist and that clay minerals can be formed by
them. To demonstrate this he selected potash and soda
feldspars and subjected them to certain laboratory con-
ditions, With a temperature range of 300 to 400 degrees
centigrade and the acidity of the solution 0.1 normal, he
found that kaolinite, pyrophyliite, sericite and hoeh-
mite are formed in acid solutions, Ie also found that
kaolinite will form from feldspars and is stable below

350 degrees centigrade regardless of the potassiym ioi
concentration, providing the ratio of aluming to silieg
18 about 1 to ¥, This means that additional and eagij
available alumina has to be in the system.
Armstrong (1940) treated samples of microcline angd
albite in the laboratory and found that all of the coy
stituents of the mincrals diffused through a dialyze
This was interpreted as evidence that all of the .co
stituents were present in solution in the ionie state, ang
that clay minerals may form, at least in part, by jon
reactions as well as colloidal reactions, Over 50 percent
of the allalics were removed from the feldspars b
dialysis. X-ray photographs showed that substantia]
amounts of the minerals were undecomposed and that:
no detectable new mineral had been formed. However:
after treatment of the decomposed minerals in water g
300 degrees centigrade, x-ray photographs displayed:
new line indicating the formation of quartz and othe
new lines suggesting the formation of lcaclinite.

Morey and Ingerson (1937) found that feldspar firs
breaks up inlo primary decomposition products, somi
of which recombine to form kaolin. An important facto
is that they also show that feldspar composition is ng
necessary to form kaolin; it is only necessary to have |
mineral that can furnish the necessary decompositic
products. They conclude that kaolinite can form solel
by the reaction of alumina and silica in neutral alkali
free solulions, or in acidic alkali-containing solution
below 400 degrees centigrade.

The composition of hydrothermal solutions under:
natural conditions presents a difficult problem, but in
most cases such waters are thought to be acid and begi
with carrying chlorine, sulphur, carbon dioxide and/o
silica. The composition of the solutions then mus
change as reactions take place with the host rock, and
in the case of silicate rocks the solutions would become::
alkaline as a consequence of such reactions, The alka’
line constituents would then probably be transported::
outward by the solutions, and the alkalinity of the:
solutions would persist only so long as alkaHes or alka-
line earths were being rcleased by the breakdown of the
parent rock. As the action of the acid water proceeded,
therefore, the acid-alkaline front would move ouiward
with the alkaline earths and alkalies. It must be taken
into consideration, however, that hydrothermal solu
tions may not always be initially acid. The warm W?ter
could have originally been alkaline and rich in potassiui: -
which became neutral and finally acid with progressive
cooling. This sequence of reactions would favor the'
formaﬁion of kaolin and appears to be applicable to theﬁ
East Monkton deposits. .

Kaalinite, then, may form from any aluminum sili-
cate constituents if the environment is acid and the_
temperature moderate. According to Bundy (1958)?--
acid conditions, low temperature, and low pressut®




or the formation of the kaolin group of minerals, and
éliﬂite will form below 350 degrees centigrade with
S silica and alumina concentrations regardless
the concentration of potassium. Tt is intercsting to
o that Bundy finds that when calcium is present in
:environment, the formation of kaolin is retarded.
tecently the Chinese have conducted a great deal of
arch in an attempt to establish the relationship be-
en hydrothermal solutions and clay minerals. Juan,
ag and Sun (1958) discuss the hydrothermal altera-
of andesite on the island of Taiwan in connection
the ore deposits there, which are products of post-
ous activity of an andesite magma. The important
is that an argillization zone has heen crealed and is
esented by a kind of soft, kaolinite-quartzite-seri-
12 rock. This is much the same condition as that found
last Monkton. Tvidently the plagioclase in the
iginal andesite has been altered to this argillaceous
terial. They fecl that the argillization stage is char-
terized more by subtraction rather than addition.
Considerable loss was shown in lime, silica, iron alkalies,
. shosphorous oxide and magnesia. Addition was only in
mina and possible titania. An important point here
Lat they find that oxidation may produce sufficient
phuric acid to neutralize and make normally alkaline
ter acidic, A
‘ei-Yuan (1958) also studied the clay of hydrothermal
min as derived from the andesites of Taiwan. e
nd that acid conditions favor the formation of kaolin
terals. The alkalies and alkaline earths in the decom-
ed minerals are soluble in the acid solutions and are
oved from the altered rock, leaving alumina and
a to form kaolin minerals. Wherever the acid is
ng, with a pH value of aboul 4 or even lower, the
ter will readily dissolve even alumina, but silica is
7 slightly soluble. The importance is that when sui-
ate-bearing solutions percolale through the ground, in
ariable environment, they rcact with the andesite
dlerial and alier these rocks into kaolinic clays by
Placement. Another point of interest in the Pei-Vuan
bort is that during the argillic alteration an excess of
'8 was released and this was responsible for the
Hance of opaline silica in the clay. Other rescarch
ll'kers such as Maclonald (1944) have described Lhe
tons of solutions believed to be weak in carbonic,
{urous and sulfuric acid, and have found that opal
d kaolinite are developed. This relationship of opal
kaolinite in other hydrothermal situations is of
etest here since thin, opaline veins are found in the
olinic quartzite at East Monkton (specimen I 27,
mber 2. .
The abundance of the hydrothermal mineral sericite
the East Monlkton kaclin deposits obviously plays
€ sort of role in the kaolin-forming process. Accord-
to Lindgren (1915), the agencies which produce
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mineral deposits arc not capable of developing kaolin
ltom the aluminum silicates of the rocks; on the other
hand, when sericite is exposed to weak sulphuric acid
waters in the oxidized zone, a leaking of the potash
taies place and the gericite is converted to kaolin, The
fact that sericite is generally recognized as being an
intermediate stage toward ultimate kaolinization is
also supported by Sand (1956). That sericite is the most
abundant and characteristic of the hydrothermal min-
erals, appears to be umiversally accepted.

Centrary to the generally accepted theory that hoth
silica and hydrous aluminum silicates remain behind in
the alteration process, Leonard (1927) finds that only
silica is the principal remainder, the major portion of the
alumiva being removed along with the more soluble
constituents. Any gain of alumina in the solution can
be explained by the supposition that the waters con-
tained sulphuric acid, since only such thermal waters
are known to dissolve alumina in large quantitics,

It appears that the effects of hydrothermal solutions
depend upon too many variables to make definite pre-
dictions as to exact mineral formation. The discussion
in this report only scratches the surface of the material
published on the subject, and the writer feels he is not
qualified to go into the subject any further. The means
by which such changes take place in the quartzite layers
are not known and no satisfactory physical-chemical
explanation seems available. The object of this report
is to present evidence that the kaclin formation is a
result of activities from a deep-seated source, and not to
explain the exact nature of the solutions and the result-
ing reactions within the country rock that produced
the kaolin.

Since the quartzite belt in which Monkton deposits
are found, lies between the Mount Holly Complex
and the Barber Hill syenitic body, it is probable that
the zone of fracturing and faulting, in which the kaoclin
s found, intersects the Mount Helly Complex and
bodies of syenite or granite at depth. It ispossible, there-
fore, that thermal solutions ascending along the fracture
and fault planes might abtain the necessary constituents
and transport them upward, reacting with the Cheshire
Quartzite and depositing the kaolin. At any rate, it i
quite apparent that hydrothermal solutions have altered
the phyllitic layer within the quartzite to kaolin, and
alsoreplaced a great deal of the secondary silica cement
in certain quartzite layers to form a kaolinic quartzite,

SUMMARY AND CONCLUSIONS

The kaolin deposit located in the town of Monlton,
Vermont, occurs at the western base of the Creen
Mountain Range in a zone of fracturing and faulting.
The metamorphosed host sediments are Lower Cam-
brian in age, and consist mostly of quartzite containing
relatively thin layers of a graphitic, quartz sericite



schist. No known igneous bodies oceur in the immediate
vicinity of the kaolin deposits, although they are a
prominent feature of the regional geology. The pProxim-
ity of ignecus bodies to the kaclin deposits at depth is
highly probable but purely suppositional.

The kaolin occurs within the fractured zone as narrow
layers occupying the beds of phyliitic material, as nar-
row veins following fracture and joint planes, as a
malrix enclosing hroken fragments of quartzite, and as
replacement deposits. Large quantities of silica have
been carried away in solution and the kaokin deposited
has preserved the original structures of the quartzite.

The occurrence of the kaolin in a fracture zone in
which feldspar or other aluminum silicates are almost
entirely lacking, indicates that the kaolin has not been
developed #n situ, but has been carried into the fracture
zone from an extraneous source. The deposits were de-
rived from a deep-seated source, as evidence presented
in the report indicates; they have mast probably been
tormed by the alteration of feldspar within the Mouat
Holly Complex and in the syenites or granites sup-
posedly occurring in the lawer parts of the fracture zone.
The constituents have been transported wpward by
ascending thermal waters with reaction and replace-
ment taking place in the upper part of the fracture zone.

Certain features exhibited by the kaolin deposite have
a definite bearing on the conclusions.

1. The kaolin occurs in a zene of fracturing and
faulting in the Cheshire Quartzite. This asscciation

permits the ascent of kaolinizing vapors and sofutiong

2. The principal kaolin deposits so far diSCOVere;;{- -
oceur in guartzite and therefore the kaolin has not heen,
developed #n situ, bul has becn lransported intg e
present position.

3. The relationship of the kaolin to the texture of the
kaolinic quarlzite shows that the kaolin hasg been (e
posited, in part, by the replacement of the quartzita
wall rock.

4. There i1s a common association of kaolin With hy.
drothermal minerals such as sericite, opal, and authj.-
genetic tourmaline. Sericite is abundant, although it jg©
not generally a product of weathering, Where authi-
genetic tourmaline ocours in the quartzite it generally -
lies on the surface of bedding planes, adjacent to mitky
quartz veins or, associated with other openings Wheré
circulating waters had penetrated. '

5. Many of the voids in certain horizons of the kag-
linic quartzite contain authigenetic feldspar (mostly
microcline}. This feldspar does not show the decompo-
sition effects of kaolinization although kaolin oCCurs
throughoutl the formation. ;

6. The kaolin deposit extends to greater depths
(100 feet and more) than could possibly result from
surface weathering. Also, layers of massive quartzite
within the formation act as a protective cap rock,

7. Milky veins of quartz and thin veinlets of opaline
silica appear to be clouded with kaolinite, indicating
their contemporancous formation.,
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