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STATE OF VERMONT
OFFICE OF THE STATE GEOLOGIST
BURLINGTON

To the Conservation Board,
Department of Natural Resources,
Montpelier, Vermont.

Gentlemen: 1 herewith present my biennial report, as State Geologist, for
1943-1944.

This report is very largely devoted to the Vermont Copper Company’s mine
and operations at South Strafford—a continuation of the Reopening of the
Vermont Copper Mines in the last report—and with the geology of the Straf-
ford Quadrangle in which two of the mines and several copper prospects are
located.

It is a matter of much satisfaction to be able to present Professor Charles
G. Doll’s Preliminary Report and Geological Map of the Strafford Quadrangle
which were made possible by private funds. Such detailed studies are urgently
needed and it is hoped that increased appropriations by the Legislature will
enable the geologist to extend them to the other thirty-five quadrangles wholly
within the State, a task which will require many years’ work to complete.

Many of the States have published geological maps and there are many re-
quests for such a map of Vermont. The last one dates from 1861, is long out
of print, and is of very little value since geology has made great advances since
then. When a sufficient number of quadrangles have been studied and mapped
a preliminary geological map of the State can be published.

Supplementing Professor Doll’s work the geologist presents an article on
the petrology of some of the formations in Strafford township, a subject of
much scientific importance.

The present status of the Vermont mineral industries is briefly given.

Respectfully submitted,

Evrsrince C. Jacoss,

State Geologist.
Fleming Museum,

University of Vermont,
December, 1944,
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The Vermont Copper Company, Inc.'

ELBrIDGE C. JACOBS

Officers: Chairman of the Board, George Adams Ellis; President and General Manager,
Frederick W. Snow; Vice-Presidents, Stanley C. Wilson, E. A. De Villermont;
Treasurer, Frederick H. Stokes; Directors: the above, E. A. Ellis and J. H. Moore.

Operating staff : Mine superintendent and chief engineer, J. C. Wangaard; Mill superin-
tendent, H. A. Johnson; Mine captain, C. F. Banker; Accountant, C. B. Benson.

Consulting Geologist: H. M. Kingsbury.

Mine and mill: At South Strafford, Orange County, Vermont.

The Vermont Copper Company has been in production since October, 1943 ;
its ore reserves are ample for many years to come; its mining equipment is up
to date; its milling plant has proved its worth ; there seems nothing to prevent
copper production from becoming one of the important peacetime industries
of the State.

Never before in the long history of copper mining in Vermont have the
problems of the geology of the deposits and the mining and concentration of
the ore been so thoroughly studied and mastered. The various departments
of the enterprise are in the hands of men of wide experience: Mr. Snow, a
graduate of the University of Utah, was for many years the superintendent of
the Magma Copper Company of Arizona ; manager of the Consolidated Copper
and Sulphur Company of Eustis, Quebec; in charge of the Canadian operations
of the U. S. Smelting and Refining Company ; etc. Mr. Kingsbury, an alumnus
of Harvard University, is a noted mining geologist whose mining missions have
taken him to many parts of the world: Russia, Africa, South America, India,
New Guinea, and other countries. He was for many years with the Mining
Trust Company and with John Taylor and Sons, both of London, England.
He has also carried on investigations for the Phelps Dodge Corporation and
other mining interests in this country. Mr. Wangaard received his E.M.
degree from the University of Minnesota School of Mines. He has worked
in the Coeur d'Alene, Idaho, lead-zinc-silver district and on the Messabi Iron
Range of Minnesota. He was employed for eight and one-half years in the
engineering department of Lamaque Gold Mines, Ltd., of Bourlamaque, Que-
bec, before accepting a position with the Vermont Copper Co. Mr. Johnson, of
the Montana School of Mines, obtained his metallurgical experience in Mon-
tana and Utah and was associated with the Gallagher Engineering Company
of Salt Lake City, who designed the Vermont Copper Company’s mill.

1 See Reapening of the Vermont Copper Mines; E. C. Jacobs, 23d. Report Vermont State Geologist
(1941-42). Two papers have recently been completed by members of t?\e U. S. Geological Survey:
Preliminary Report on the Geology of the Orange County Copper District, Vermont, by W. S. White
and J. H. Eric; and Geology of the Elizabeth Copper Mine, Vermont, by W. E. White. These papers

have been deposited by the U. S. Geological Survey in the office of the State Geologist, Fleming Museum.
University of Vermont, where they may be studied by those interested.
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Mr. Banker is a native of V i ili
tical underground operator and Iee:(]i]::tofaﬁil?.as exceptional ability as 2 prac-
It is apparent that the future of our copper enterprise is i
thoroughly competent gentlemen and that evpeIr)y effort I\?viliebésnllr;dt;l fohalfﬁis o
all the copper pos§ible, first for the war effort and then for the great gvorkuci
reconstruction which lies ahead. The chief handicap to production here .
everyw_here, is the acute labor shortage. This is being graduall overct’) .
and it-is hoped soon to bring production up to 15,000 tons of oreyper monrtll]le

THE PROPERTIES

The properties of the Vermont Co
. : pper Company are located on a miner-
alized zone some _20 miles long by 5 miles maximum width, extending r(r)?:;}ellry
rslort}flf and south.m the eastern part of Orange County, in the townships of
c’:;a (1).1‘d, t?'lfershlre and fCormth. To the north, and probably on the same
zone, lies the property of the C li
s, Oy perty onsolidated Copper and Sulphur Company at
The deposit at South Strafford was first used for the manufacture of
copperas (hydrous sulphate of iron) as early as 1793, was first mined for
;E()leer in 1830 and has been operated intermittently ever since. The present
. 1zabet'h Mine waS.named for Mrs. James W. Tyson, Sr., in 1881 ; its further
a;s(;qryth s%?tcshedG in the Report of the Vermont State Geologist f,or 1941-42
in the U. S. i i
and in eological Survey reports to which reference has been made
Copper was first discovered in Vershire in 182
. : 1. After changi ner-
ship several times the property came under the control of Smith]%;;gigwlré?fi
anq later, as the E_ly Mine, became one of the largest copper producers in the
Unlt'ed States—thl's before the development of the western copper mines
Maximum production was reached in 1880 when 3,186,175 pounds of co er
were recovered. The enterprise failed in 1883, whether because of poor £§n-
?.gement or the exhaustion of the known ore body is uncertain. Since that
ime various attempts were made to rehabilit i ,
time varion, ’ habilitate the mine but they were
At Pike Hill, in Corinth, the Union Mi
_ , . ine was first operated in 1866 and
from that time to 1881, quoting Weed,* 31,504 tons of ore, presumably hand
:ﬁrted., averagl‘rgf 8£‘5 to 10 percent copper, were mined. For unknown reasons
e mine was idle from 1881 to 1906, when it i i i
Mincs Commsas n it was acquired by the Pike Hill
1 The Eureka' Mine lies' somewhat south of the Union and dates from about
860. Production began in 1863 with 369 tons of ore; in 1906 304,377 pounds
of cgpper were recc')ve'red. In 1906 the Pike Hill Company bought the prop-
erty® and wqued it in conjunction with the Union. Maximum production
was reached in 1918 with 509,654 pounds of copper and 2,056 ounces of silver.

1 : N i
W. H. Weed: Notes on the Copper Mines of Vermont; Bull. 225 U. S, G. S. (1904), and the

Copper Deposits of the Appalachian States: b
2 The Mines Handbook;pvol. 18,npartales(']9g‘)l?1. 455 U. 8. G 8. asm.

’
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The mines were closed in 1919 probably on account of the drop in the price
of copper following the first World War.

In 1942 the Elizabeth, Ely, Eureka and Union mines were acquired by
the Vermont Copper Company, Inc.

Besides these well-known properties several other so-called mines and
prospects of uncertain history exist in the mineral zone: In Corinth township
the Smith Mine lies a short distance south of the Eureka and the Cookville
Mine some three miles south and east of the Smith. In Vershire the Dimond
property is about a mile south of the Ely. The Gove and Orange mines are
in the central part of Strafford, while the South Mine lies about a mile south
of the Elizabeth. Some of these enterprises date back to the Civil War; the
Smith Mine was active as late as 1916.

A geophysical party of the U. S. Bureau of Mines, under the direction of
Dr. G. R. MacCarthy is engaged in exploring those parts of the mineral zone
whose geological structure suggests the probability of copper. The “self-
potential” method is found to give the best results.

THE ELIZABETH MINE

The Elizabeth Mine is located at the east base of Copperas Hill, one and
one-half miles southeast of the village of South Strafford and about four miles
west of the Connecticut River. Its location is shown on the Strafford Quad-
rangle of the U. S. Topographical Survey and on the frontispiece.

The Vermont Copper Company began work here in April, 1942, Exten-
sive dtilling operations were conducted to delimit the known ore bodies and
discover new ones. The old buildings were torn down and new ones built
(frontispiece) ; the old haulage adit was straightened and enlarged ; standard
36-inch gauge tracks were laid from the mine to the mill, crushing and con-
centrating machinery were installed and a new, up-to-date mill was constructed.

PHYSIOGRAPHY

The mineralized zone referred to above lies on the Vermont Piedmont (a
dissected peneplain) east of the Green Mountains, and is a rolling country of
hills and low mountain ridges with intervening valleys. The maximum relief
is about 2,300 feet. White and Eric' give the average relief as 500 feet.
Strafford township is drained by the West Branch of the Ompompanoosuc
River and its tributaries.

GEOLOGY

The geology of the region is extremely complicated and has required long
and detailed study since on its correct interpretation lies the key to the occur-
rence of the ore.

Following the acquisition of the property by the Vermont Copper Company
a preliminary examination, including geological investigations, was made Dy
Mr. Kingsbury who subsequently interested the U. S. Geological Survey and

1 0p. cit.
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the Bureau of Mines in the district. After a visit of Mr. Ralph Cannon, head
o'f the copper branch of .the Survey, a party of four geologists under the ,dir:c
tion of Mr. W. S. White was appointed to carry on field studies includin-
surface and underground mapping, which continued from Septembe’r 1942 tg
O.ctol‘)er, 1943.  An extensive diamond drilling program was also s’tarted’ 2
this time bX the .Bureau of Mines that gave valuable geological information :
The' University of Vermont Department of Geology also became interesied
and a551gned Prof. Charles G. Doll to do independent mapping of the surface
ge.ology in the Strafford quadrangle which includes the Elizabeth and El
mines. His work was carried on through the past three summer seasonsy
(Pr%iess;l*llDo.ll’s paper and map follow this article.) v ‘
e following quotation is taken fro ite’
the Elizabeth Copper Mine, referred to 3;1 X)Z;gesl :Vvhlte > paper, Geology of

“The rocks in the vicinity of the Elizabeth Mine ar i
ments, prob‘ably of Ordovician and Devonian age. Trfen;f:;?ggﬁzzzzdt Sreo(ill;
is_quartz-mica schist, consisting essentially of quartz, muscovite and biotite
All gradatlops from mica schist containing relatively little quartz to almos£
pure quartzite are found. Small garnets are common to these rocks and
crystals of kyanite occur locally.

“Interbedded with the quartz-mica schist are layers, up to 50 feet in thick-
ness, of schlst_ that contains abundant crystals of hornblende in addition to the
quartz anq biotite. The layers locally grade into schist without hornblende
and there is a good deal of hornblende-free schist in the area extendin fory
2,000 feet north of the South Mine. . . . This rock was probably formeg:i by
metamorphism of sediments rich in carbonate of iron and magnesium. Asso-
ciated with the hornblende schist is a garnet-muscovite schist in whi.ch some
of the garnets are over an inch in diameter. ILong crystals of hornblende
largely gltered to biotite, are common in this rock. A gneissic rock weli
bandf:d in layers of coarse and fine crystals and containing abundant Cr’ystals
of oll.goclase feldspar, occurs in the open cut (Plate 1) and in the southern
woolrklr}gs ofktheTI}flizlabeth }I:/Iine. This gneiss is probably a metamorphosed
volcanic rock. e layers have clear i
voleanic rock associate}é S have early undergone all the deformation recog-

“All the rocks have been highly deformed. Their bedding is much folded
on a small scale, and they are characterized by a well-developed schistosity
which §tr1kes about 7°E. and has an average dip of 63°E. The beddin ;S
determined both from field observations and from comparing the pOSitiOgI; of
a zone of hornblende schist at the surface with its position at depth, strikes
more easterly and dips more steeply than the schistosity. This diséordance
is prol?ably due to folding on a large as well as a small scale. Both the major
and minor folds plunge for the most part gently northward, though horizontal
crests and even southerly plunges were observed. The rocks are so uniform
and th.e schistosity so well developed that the bedding has had no mechanical
effect in localizing the vein zone and the ore shoots.

“Apart from minor faults, the latest stage of deformation is represented

Pnmom——"}
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by a fault along which the Elizabeth vein extends. The footwall of the vein,
being parallel to the schistosity of the underlying rocks, has a general strike
of N. 7°E. and an average dip of 63°E. The majority of the individual meas-
arements of dip give values close to the average, but they range from 35° to
The fault is presumably a reverse fault, but neither the direction nor
the amount of movement on it is known. The schistosity of the hanging wall
has been warped, probably by drag along the fault. A broad synclinal roll in
the schistosity, locally broken off by a small reverse fault on the east limb, lies
close to the top of the main ore body, and similar rolls of smaller size may be
observed locally within the ore body. These rolls generally plunge from 5°-
15°N., but in places their crests are horizontal. They and the fault zone fol-
lowed by the vein are the only structural features that influence the localization

of the ore.”

vertical.

THE ORE

The ore at the Elizabeth Mine consists of chalcopyrite (sulphide of copper
and iron) disseminated in pyrrhotite (sulphide of iron) but also occurring in
considerable masses of pure chalcopyrite. Associated with these minerals are
small amounts of silver, pyrite, and traces of gold and sphalerite. - The gangue
minerals are quartz, feldspar, and mica. C. S. Anderson' gives the approxi-
mate composition of the ore mined in 1929-30 as follows: Quartz, 15 percent;
feldspar, 15 percent ; mica, 10 percent ; pyrrhotite, 53 percent ; and chalcopyrite,
7 percent. It is to be noted that the pyrrhotite present exceeds the chalcopyrite
over seven times.

ORIGIN OF THE ORE

White and Eric,? writing of the deposits as a whole, believe that “the sul-
phide minerals were deposited at high temperatures, probably irom hydro-
thermal solutions that originated at depth directly or indirectly from the intru-
sion of igneous rocks such as those exposed north of the district. No direct
means are available of determining the depth at which sulfide deposition took
place, but any attempt to restore the folded structure of the region above the
present surface shows that the surface of the land at the time of deformation
must have lain many thousands of feet above this present surface. Evidence
that the ore deposits were formed during the last stages of the regional de-
formation, and thus at considerable depth, is consistent with the high-tempera-
ture mineral assemblages and the lack of mineral zoning in the deposits, as
well as with the lack of low-temperature wall-rock alteration adjacent to the
deposits.”

“Deposition of the sulfides appears to have been controlled almost entirely
by physical environment rather than by the chemical composition of the wall-
rocks. Places favorable for ore deposition existed along faults or shear zones,
as at the Elizabeth, and in flexures in the cleavage, as at Ely. At these two
mines most of the copper was deposited in elongate areas, probably of greater

1C. S. Anderson: Mining and Milling in the Vermont copper district; Eng. & Mining Jour., vol.
231, pp. 208-210 (1931).
2 Op. cit.
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permeability or lower pressure than the surrounding rocks, that are oriented
parallel to the regional plunge of fold axes and were probably determined
directly or indirectly by the same forces that produced the folds. Where such
linear control was lacking, sulfides were deposited irregularly through the
rocks, largely along cleavage planes, forming concordant tabular deposits with
irregular outlines, as at the Eureka-Union mine.”

Mr. Kingsbury’s studies have shown that the pyrrhotite and chalcopyrite
were introduced into the country rock after it had been metamorphosed. The
chalcopyrite is found disseminated in the pyrrhotite and therefore is younger
than the pyrrhotite. Hence the order of geologic events was (1) the folding,
faulting, and metamorphism of the original sediments into the schist and gneiss
which now make up the country rock, and (2) the introduction of the sulphide

minerals by pressure from below into the fault planes and shear zones and into
permeable portions of the country rock.

THE ORE BODIES (Platel)

The ore zone in which mining operations are proceeding can be traced at
the surface over a length of about one mile. The open-cut,' where mining opera-
tions began in 1793, is in the northern part of this zone. Underground opera-
tions were later extended to the north under country where no recognizable
zone is exposed at the surface. In this zone the better grade ore occurs in
several shoots,® or richer portions, which represent the more intensely min-
eralized sections. They pitch, like the major or minor folds in the schist, at.
the comparatively low angle of 15 to 20 degrees to the north within the zone,
which is inclined steeply 63 degrees to the east.

The main ore shoot has been developed by underground workings for a
distance of 2,000 feet along the pitch, from the surface outcrop, and 1,000 feet
further by diamond drilling. The horizontal length as developed averages
around 1,200 feet. In a few places the ore has been mined to a width of 65
feet but the average width is from 15 to 20 feet. The pyrrhotite and copper
bearing sulphides in some places extend across the full width of the zone but
often occur in several wide bands separated by nearly barren schist or by schist
with disseminated and interfingering irregular stringers of sulphides.

Thus far mining operations on the main ore shoot have reached to the
600-foot level, but diamond drilling has shown that this shoot is persistent at
least to a vertical depth of 1,000 feet, or 400 feet vertically below the present
600-foot, or bottom level. Some 17,000 feet of diamond drilling, including
about 3,500 feet from underground, was done prior to 1916 by a former com-
pany, and some 10,000 feet, in 1942 and 1943, by the U. S. Bureau of Mines.
This drilling and the subsequent geological investigations have indicated the
probability of there being three other important ore shoots not previously
suspected. One of these has been partly proved by the drilling done by the

1 The light, horizontal lines are not levels but elevation lines: 200 ft., 300 ft., etc., above sea level.
The open cut is the black area at the left: elevation about 1400 ft., and between vertical coordinates
10.000 and_ 10,600,

The legend for stopes should be perfectly black.

2 Ore shoots are irregular masses, of tabular habit, lying in the foliations of the country schists and,
furthermore, as stringers, interfingering with the country rock, and also disseminated through it.
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Bureau of Mines; and recently by drilling carried out by the company from
the 600-foot level.r The ore in these shoots, as in the main ore shoot in which
mining is now being done, should average about two percent copper.

It can be inferred from data now available that the parts of the zone
between the ore shoots probably average well below two percent copper. Plans
now being contemplated concerning improved facilities for crushing and
handling an increased tonnage would result in an appreciable reduction in
mining and milling costs, thus making it possible to extend mining substantially
into these lower grade parts of the ore zone where very appreciable tonnages,
containing between 1.5 and 2 percent copper, may reasonably be expected. Such
an operation would of course also result in an increased tonnage of pyrrhotite
which would form a valuable by-product when and if a market for its sulphur
and iron content can be assured, a matter which is now being investigated.

On the plate the stopes, or mined portions of the ore, are seen in relation
to the main ore body. The 300-foot, 400-foot, 500-foot and 600-foot levels
are shown together with the.inclined shaft connecting them. Figures at the
right give feet above sea level. Vertical lines are 500 feet apart, measured from
an arbitrary point.

Practically no timbering in the mine is needed. The mine “makes” but
little water: about twenty gallons a minute. The average temperature in the
workings is 60°F.; of the rock, 75°F. Ventilation is aided by a fan on the
300-foot level.

Electric power for the plant is supplied by the Central Vermont Public
Service Corporation over a transmission line seven and one-quarter miles long
from the Union Village generators.

Water is pumped from the Ompompanoosuc River to storage tanks, one
of which is seen on the frontispiece.

FORMER OPERATIONS

When the Vermont Copper Company began operations, in 1942, the main
ore shoot (Plate 1) had been opened up by levels approximately 100 feet, 200
feet, 300 feet, 400 feet, 500 feet, and 600 feet vertically below the surface. A
haulage adit had been driven westward from a point at the level of the present
mill buildings ({rontispiece) 1,360 feet long, with an easterly grade of 2.25°
to cut the 300-foot, or haulage, level. Through this adit ore was hauled by
an electric locomotive on 28-gauge tracks to the mill.

From the 300-foot level an inclined shaft had been driven northward, and
downward at about a 25° slope, for 820 feet to a point 320 feet vertically below
the 300-foot level, and from this shaft the lower levels were driven north and
south for varying distances. Raises connected some of the levels vertically.

Ore had been mined between these levels but chiefly above the 300-foot
level. The stopes, or mined sections, are seen on the plate. Mr. Kingsbury
estimates that, from the time mining operations began (in the open cut) in

1 Since this was written diamond drilling has been carried 250 ft. vertically below the 600-foot level
and good ore proved.
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1793, till 1930 about 320,000 tons of ore were mined, averaging between two
and three percent copper.

It is doubtful if, during this time, any considerable amount of money was
made. The reasons for the failure to produce copper profitably seem to have
been the following :

1. Insufficient exploratory work not only from outside drilling but also
from within the mine itself.

2. High mining costs due to production on too small a scale.

3. Improper metallurgical treatment: Roasting and smelting of the ore
at the mine was tried and proved unsuccessful.* This was followed by various
methods of concentration, including flotation, but unsuitable equipment and
inexperience resulted in uneconomical operation.

4. Failure to save and market the by-products of sulphur and iron in the
pyrrhotite.

5. The low prevailing prices for copper at critical times in the mine’s his-
tory: in 1885, in 1919 after the first World War, and in 1930.

PRESENT STATUS

A better understanding of the geology of the ore bodies and improved
drilling operations both within the mine and from the surface have shown the
presence of much greater amounts of ore than were formerly thought to exist.
Since the present company began operations more ore has been developed or
well indicated, beyond the limit at which all former operations ceased, than
was removed during the entire previous history of the mine. Furthermore,
within the stoped areas, additional tonnages of high grade ore have been dis-
covered which had been overlooked during previous operations. Ore “in
sight” (that measurable in three dimensions) at present amounts to 270,000
tons and averages 2.25 percent copper ; “probable ore” is estimated at 410,000
tons; and “possible ore” at 750,000 tons. The ore has been found to carry
about 12 cents per ton in silver and a trace of gold.

The plant is thoroughly modern and has been designed to treat a large
tonnage of ore in order to reduce mining and concentration costs to a minimum.

MINING OPERATIONS

Mining methods in use at present include the bench system and the shrink-
age stope system ; these will reduce mining costs materially.

Mining operations are highly mechanized: Scrapers or slushing machines
are used exclusively and power mucking machines load the broken ore into
mine cars which are hauled through the haulage adit to the mill by an electric
locomotive.

MILLING

The ore as it comes from the Elizabeth Mine consists of the valuable min-
erals, chalcopyrite and pyrrhotite, and the worthless minerals associated with
1 Report of the State Geologist for 1941.42, p. 12,
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them which are called
. the gangue. The obj -
ticed, is t . he object of milling, as at
to be shig Seedp?lrege and concentrate the chalcopyrite into ag Proditcfi?zﬁnt et
ped and smelted. Later the pyrrhotite may also be recoveredeno’lll“ih
. e

flowsheet (Plate II) shows the sequence of operations

The proc i
€SS Consis y j i
$ ts of four major operations: crushing fine grindin
’ )

flotation, dewatering.

Crushing incl
udes two steps: coar i

et WO : rse crushing (and screenin

which rge dugeosazlie crushing is z?.ccorpphshed inan 18” x 36” Traylorgz;wand o

pncn reduc A;:; oredfrom mine size of 18 inches and less to a majximxi;us}'ler

o> WhiCh. remo\c;zs zlsls corl\./elyor belt carries the crushed ore to a vibr]atsilrf;

articles under 3§ 1 i

soreen Wi mov: P ‘ r 3% inch. The oversiz ial 1

Thdilslciesd rmt size by an Allis Chalmers cone crusher to 34 (ffd a;n?;er}:al g
eturned to the vibrating screen. The ore, which is ni)wazﬁ

finer.

less %Eziisnosr/g %nch in size, is conveyed to the fine ore storage bin
o Waye (;s] eri‘ei(}‘iecznveyed to the Marcy ball mill for fine grinding, passin
OF the way over the ﬁnve.)lfor sca.le which automatically records the’tonna ge
e treate .Six feetalt mi 1 consists of a rotating steel cylinder nine ‘feetg
D meter and s feet o?g, lined with alloy steel and partially filled with steleti
T e balls ar t0 course worn down in the grinding process and more
are udded wom tim ) t;;w. Sufﬁcxen't water is added with the ore to kee
the Ball mill disch mge at 75 percent solids. The pulp emerges from o ositg
Wemco classified whigleisv‘;art'zzrolliifxgd:rdcimirﬁ dlaunder P PUIPpt% o
o : edes screw o ing i incli
Suoftﬁlcgi}é.n ;Il‘ijeﬁ(l)]\ée‘rill;)gv from this clgssiﬁer, with 25 percentpseorl?(tjlsnggslr;z?vlr’:(l)llrlleg
suffictently f t},l : T.oarser particles settle to the bottom of t};e c:lass'ﬁg rld
p the inclined trough and again passed through the ball mliller %Illle

C]aSSlﬁer over ﬂ()VV O 1'11111 lle ore 1()1111([ to []16 “]le]leSS necessatr Yy to

. , C nta g t

llberate the Cha]C()pyllte fI om the waste iS Nnow ready fOr ﬁ tat
3 - ) 1011.

FLOTATION

Flotation i i i
A rif Caep:ocess of ml}'xeral separation which has been developed dur-
g the prese the;’l ucxl'y to a point where it is now one of the leading proces
ot a pher_lomemela t1;1g process, used in the concentration of ores. It invoIS\e:;
, the separation dependin ' ,
surface : P g on the nature of the mi
s \Vati?_l:vei c{qu;ﬁc:;jis are wzter avid and easily wetted while (;hr:r]: e::f;
. es are designated as polar i : i
repePl‘lent1 surfaces are designated as nonpolar petar i matare, while water
roth flotati '
I thiea oo ation l?as today superseded all other types of flotation proce
In this p, or mixture gf about three parts of water. by weight tp oart
o e g iiré)untd ore is df:llvered to the flotation apparatu’s ngré t(l)qeom3 lpaljt
agitated In ;?Vicst t‘gﬁ:g and 1a frothing agent with the result that air bpuubgléz
. onpolar minerals in tl i
benring oot 1o in the pulp and rise a i
he surface. The pur i e
beans ' . purpose of the frothing agent i i
y to the air bubbles which otherwise would break imn%edigatelylfmti g“}’le
each-
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ing the surface. At South Strafford the frothing agent is a 50-50 mixture of
pine oil and pentasol alcohol, 0.05 pound per, ton of dry ore.

Besides the frothing agent other flotation reagents are added in the flota-
tion cells to act selectively on the surfaces of the mineral particles, either with
the object of increasing nonpolarity and expediting flotation, or with the
reverse object of increasing polarity and preventing flotation.

In general the surfaces of sulphide minerals, such as chalcopyrite, are
easily made nonpolar and so will float while the pyrrhotite and gangue-mineral
surfaces can be made polar and so will sink, thus effecting the desired separa-
tion. At South Strafford this is done by keeping the “pH” (hydrogen ion
concentration) of the pulp at 9.5 (which means a slightly alkaline suspension)
by adding about 2.5 pounds of lime per ton of dry ore. Twelve-hundredths
pound of amyl xanthate per ton of dry ore is added to promote the formation
of nonpolar surfaces on the chalcopyrite, and 0.14 pound of sodium cyanide
per ton of dry ore to render the surfaces of the pyrrhotite polar. The surfaces
of the gangue minerals are naturally polar. Therefore in the flotation cells
the chalcopyrite is recovered and the remaining minerals discarded. Since
flotation in one set of cells will not recover all the chalcopyrite the process
must be continued as indicated on Plate II.

Pyrrhotite is a valuable by-product and can be recovered by a second
flotation step with suitable pH and reagents; it is not done at present.”

The flotation series used at South Strafford (Plate 1I) consists of con-
ditioner cells followed by rougher, recleaner and scavenger cells, all of the
Agitair type. A six-inch Wilfley sand pump brings the ground pulp to the
conditioners, a series of four cells, without partitions, in which the reagents
are thoroughly mixed with the pulp and given time to act on the minerals.
The pulp overflows a weir at the end of the last conditioner cell and passes t0
the bottom of the Agitair roughers which consist of four cells, each 48 inches
square, in series. In each cell there is an impeller or agitator consisting of a
steel cone with fingers extending vertically from its base and covered with
rubber, at the bottom of a rotating vertical shaft. Air is introduced at the bot-
tom of the cells at a pressure of 1.25 pounds per square inch. In the turbulence
thus created the chalcopyrite rises to the surface in the froth and overflows the
cells while the other minerals sink. The froth concentrates, which are impure,

are conveyed by a two-inch Wilfley pump to the four cleaner cells, 36 inches
square, the froth from which is delivered by a two-inch Morris pump to the
recleaners. The final recleaner froth concentrates are pumped to the thickener.
The tailings from the rougher cells pass to the scavenger cells, the froth con-
centrates from which, containing about five per cent copper go back to the
conditioners and thence again through the series, while the tailings from the
scavengers go to the tailings pond.
The froth concentrates from the recleaners contain about 40 percent of
solids and go to the thickener for partial dewatering. The thickener is a large
cylindrical wooden vat, 49 feet in diameter and 10 feet high. The solids settle

1 For a fuller account of flotation see Richards and Locke’s Text Book of Ore Dressing; McGraw-
Hill Book Co., New York (1900).
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to the bottom and are moved to the discharge opening at the center by a slowly
moving raking mechanism driven from a central vertical shaft. Clear water
overflows all around the periphery of the thickener. The thickened underflow,
containing about 735 percent solids is then pumped to the Oliver filter for final
dewatering.

This filter is a cylinder 12 feet in diameter and 12 feet long, slowly revolving
on a horizontal axis. The surface of the filter is a wooden grid tightly covered
with canvas as a filtering medium. The space below the canvas, to a depth
of four inches, is divided into several sections and each section is connected by
a pipe to the hollow central shaft. By means of an automatic valve the pipe is
under suction while the cylinder is making about three-quarters of a revolution
and under pressure for the remainder. The cylinder is partly submerged in
the underlying tank of pulp which has come from the thickener. The cycle for
any given section starts on the entrance of this section into the pulp. Since the
section is now under suction a cake of solid material forms on the outside while
the liquid is sucked through the canvas and discharged through the pipe. The
section remains under suction until the valve reverses, when suction changes
to pressure and the cake is loosened so that a scraper on the edge of the tank
removes it from the canvas, whence it falls into the concentrate bin.

The pulp entering the flotation cells contains about 25 percent solids and
2.25 percent copper ; the final concentrates carry some 92 percent solids and
about 25 percent copper. The concentrates are trucked about ten miles to
Kendall, Vermont, and shipped by rail to the Phelps Dodge smelter on Long
Island, New York.

RESULTS

The muill is operated three shifts a day, except Sundays, and requires the
services of fourteen men. It is designed to treat 15,000 tons of ore a month
but, owing to the labor shortage, this figure has not yet been attained. About
9,000 tons of ore a month are being milled. Since January 1, 1944, the ore
has averaged 2.2 percent of copper, 0.25 of an ounce of silver and a trace of
gold. From 93 to 95 percent of the copper in the ore is being recovered.

As already stated the pyrrhotite in the tailings from the flotation cells is
at present going to waste but can be recovered. This pyrrhotite has a high
potential value in its sulphur content for the manufacture of sulphuric acid or
the production of elemental sulphur ; the residual iron would also be a valuable
by-product. The problem is being studied.

LABOR

Mining, milling, and supplementary operations call for the services of
about 180 men. Many of these workers live in South Strafford and neighbor-
ing villages while, owing to labor shortage, some fifty miners have recently
heen secured from Newfoundland.

Surface workers receive from 65 to 90 cents an hour, depending on the
nature of the work. The mine is operated during two eight-hour shifts per
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Miners receive from 70 to 90 cents an hour for the
d. with time and one-half for extra hours. The average
week. Sickness and accident insurance are provided

day, six days a week.

first forty hours worke

pay is about $45.00 a wee

i harge.

without charge HOUSING

To provide for the accommodation of workers the Federal ngsutlg {l\{;

thority has erected, at some distance from thedmme, grf)éx% hqttlﬁlgimzs ;nd

ilie tion building provided w1

care of forty families, and also a recreation] ded With games o
1 i i forty apartments, varying 1ro :

a radio. The housing consists of : ; Ire  Toom:

1 furnished with modern kitchen equip ,

and bath to five rooms and bath, al _ e e e vary
i i tors and other conveniences. Rents for these ap :

g?);tln;;\;)eg(;gg a$29.50 a month, which include water, lights, garbage disposal

and other necessities.

The writer gratefully acknowledges valuable information and assistance
received from the officials of the Vermont Copper Company.
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MEMPHREMAGOG FORMATION
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. . : : ' comprises a gr i
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o s & m(f.asmgh).f arenaceous anc} intercalated with greater amounts
o ust S,iliceous SCLC‘a schists. Likewise limy layers occasionally occur in the
e o aweous o ists to the east. These changes in the lithology of the beds
Shggest 2 trans Ir::g zotne 1lq)etween the calcareous formation to the west and
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The Standing Pond amphibolite—This is predominantly a needle amphibo-
lite and an excellent horizon-marker. It has been named from the fine ex-
posures impounding the waters of Standing Pond at its west end. It has
been found to occur either entirely in the limestones or along their contact with
the mica schists. Because of this stratigraphic relationship the Standing Pond
amphibolite is considered a member of the Memphremagog formation.

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

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

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

The thickness of the Standing Pond amphibolite member varies from about
10 to 300 feet, due to thickening and thinning along the strike, probably caused
by folding. Where it is not interrupted by faulting, this amphibolite has
reasonably good continuity along its strike.

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

The coarse garnet schist—The coarse garnet schist is associated with the
Standing Pond amphibolite and like the latter, it serves as an easily traceable
horizon. It ordinarily accompanies the amphibolite along the contact with the
However, in a few places it was observed to lie well out in the

map legend).

limestones.
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GILE MOUNTAIN: SCHISTS
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sandy schists carrying staurolites, in the eastern part of the belt, the schists
he west, where they contain

become increasingly micaceous and coarser to t
kyanite and some sillimanite. Garnet increases both in size and quantity to
the west, frequently staining the schists a reddish-brown due to weathering.

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

The coarse amphibolites.—Predominantly coarse amphibolites conformable
with the schists become increasingly prevalent in the western portion of the

These amphibolites are ordinarily massive with black or dark-

schist terrane.
The basic feldspar

green amphiboles which are usually without orientation.
matrix is sometimes quite calcareous.

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

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

Meetinghouse slates.—Gray and Dblack, micaceous slates which are grada-
tional westward into the schists, comprise the Meetinghouse slates, a member
of the Gile Mountain schists. The name comes from Meetinghouse Hill on
the Strafford quadrangle, a part of which they occupy. Interbedded with the
slates are very thin quartzite layers, some of which are carbonaceous in appear-

The slates possess excellent cleavage which is sinuous along the strike.

ance.
due to the presence of

Much of the slate has a distinct brownish stain,

weathered pyrite.
The Meetinghouse slates overlie the Gile Mountain schists. They are

isoclinally folded with a slight overturn to the east, and rest against the Monroe
fault. Because these slates are transitional into the schists, they are correlated
with the schists and are, therefore, Devonian in age. The possibility of measur-
ing the exact thickness of such intricately folded rocks is remote, but an esti-

mated thickness gives about 1,100 feet.
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DURKEE HILL GREENSTONES

Between the Monroe and Ammonoosuc i
named Durkee Hill greenstones
locally as Durkee Hill.
this hill.

‘The Durkee Hill greenstones consist of a com
intrusives and volcanics.
shades of green to black.
grained.

aults lies a tract of greenstones
, after the highest elevation in the tract, known
The best exposures of these greenstones occur on

plex of basic and ultra-basic
They range in color from gray through various
They are massive and schistose, fine- to coarse-
Prominent among them are chlorite schists with well-
schistosity. The more or less massive chloritic rocks contain large,
formed crystals of pyroxene, feldspar, and amphibole, some of the
an inch long. Feldspar inclusions are present in many of the
Streamers and irregular areas of epidote are fairly abundant.
feldspathic gneiss occurs irregularly among the greenstones.
If the volcanic members in the Durkee Hill greenstones are to be con-
sidered the equivalent in age of the Post Pond member (]J. B. Hadley, 1942,
p. 119), then there are rocks representative of more than
composing the greenstones.

developed
often well-
pyroxenes
pyroxenes.

A light gray

one geologic period
However, the presence in the greenstones of
inclusions of Meetinghouse slates, some of them huge folded blocks, is the

evidence that places the greenstones in the late- or post-Devonian. These
inclusions are confined to the western border of the greenstones and conform
to the regional structure. Bedding is excellently preserved in some of them.

BROCKLEBANK GRANITE

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

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

Granite dikes and sills are numerous in proximity to the Brocklebank
exposure, and throughout the limestone area as well. They vary in thickness
from a few inches to tens of feet, and are usually fine-grained to aplitic, occa-
sionally ending in quartz veins. The granite is cut by pegmatite dikes and
incloses areas of pegmatite. Granite dikes were observed to cut the Gile Moun-

tain schists 114 miles southwest of Standing Pond. They have been correlated

with the Brocklebank granite because of similar lithology and structural
evidence.

—— s e 5

T NI N

\ : 21
GEOLOGY OF THE STRAFFORD QUADRANGLE: DOLL

];e(:ause TO! Ie T an ag > 1t
the B Ck ba, ]k gl anite mtr udeS T OCkS ()f 1() wer De VOnt €
1IluSt be eldlet late‘ or post'De vonian. I he writer fa\/ ors a late De voniait age

on the basis of structural evidence—:.
BASIC DIKES AND SILLS

.. L . cur in
'Severallvai:leti\flser?li)ltx)?esrﬁagg(gengilx?lailil(i;.OC They are black and (fline-nt(;
SChlS’tS i (:1 Some of them carry sulphides. Thpse observe‘E ra gtS
medlum-gmlgg f. t in thickness. A dike with a visible thickness of 7 ge;c) cu >
glomG:islzzl\t/Ioountaeii schists in an east-west direction, in the bed of Lord broo
e - .
A I'niles St?uth Ofl t:set E:éljlif ettgle)rrn zﬁiéude are of lower Devonian ag% t&et)é
Slme'clt edymcl)uiger. They appear not to have been affec'ged byOt edike
Devontar f)rri) e};xy and have, therefore, been rpade post-Dev?man. ne
g)?lgnll)intracegd along a straight course for a distance of 400 eet.r

PEGMATITES

P ites appear to be restricted to the area coyelied by the Memphre(:im:;
e ation pg‘he occur in irregular areas vv1thl{1 the.gramtes, an' 2
ik fOI'matlon-f }ll’anite sills and the sediments, including quartz ‘elﬁs
N C}’OSS'EUt nv}llgist%sity The pegmatites are the youngest of the acid roc >
pal(‘iauefl:rr;g\fereysiikely int;uded during the later stages of the late Devonia
and w
Oroge“)’h_ kness the pegmatites are usually under a.foot and carry Juarts
feldlsga:' 1:113 muscovite. In a few cases, accessory minerals are present,

as garnets and bundles of amphiboles.

QUARTZ

all the rocks of the Strafford quadrangfle. 1;1 oc\c:;;s‘

. e w
in veins, lenses, and irregular masses, whlch’are mostly cortlhzrrgleadS o
ltr}llevschi;tosity z;nd bedding. Some quartz veins cut acrc;ss cas I')arauel
doubtedly, there are several generations 'of quartz presegi. Juartz pare e
tg l111e sc}}ll,istosity and bedding of the sediments 1s Probz:n a¥1 zin %unts vith the
i ins are pegmatitic, carrying s
sediments. Some quartz veins a

feldspar and muscovite, and represent ir}troduced quagttzk.lem contain ilmenite.
l\lfl)any of the quartz veins are mineralized. Some o

i i line. The
others pyrite, not so often chalcopyrite, and §t111.others carry é(l);c;:;aof *anite
most clc))nspic,uous mineral in the quartz veins is kyanite. Blades o
with its characteristic blue-white color occur in sheaves, 0

blades sometimes attain a length of 5 inches or more.
STRUCTURE

GENERAL STATEMENT

i fford anticline.
Strafford quadrangle is the Stra
drand described by C. H. Hitchcock (1912,

both the Gile Mountain

quartz,

Quartz is present in

The major structure in the
This anticline has been observe
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which ultimately resulted i
' in the production of i
¥hich ult Lin n of the zig-zag folds i
tion of ¢ einStCr;iordtant'lclme. The steep dips at the sfuth enfim(;lf tttlllee dlSt?f-
anicl ir; i con }fas w1_th those to the north, are also suggestive of f[.najor
acti }?em 2 fso;l theerlgtr(ilézct&on.t. ;l.‘he fairly symmetrical oval shap(:: ot? rtcgz
: : rd anticline cau h ici it 1
b : ! ses the suspicio i
v z}rtl lllitslesus body which was intruded from a nortﬁerlyn(;iiiztlitjls underlain
een suggested that a sheari i "
et d ' 1 ng couple applied in a -
et < }irtei;cll;nzamlght have caused the formation o? the zig zzzrtfkcl)elfiSt 50’}1}:}}‘
' se very well and would a : . d
v ' ppear to have s i
Wfﬁfﬁ ffaulltl'ng along n.ortheast-southwest fractures anc;1 li)rlzor}g oy e reconded
e th:u ng and mineralization have taken pla’ce in theS ]e;i{’ Zl?nes
ot 1'roc s have undergone plastic flow is in evidence both e
e limestones, especially in the latter Cists &
are frequently seen ruptured and drawn apa‘rt
1t'10r113 of tge beds caused by plastic flow. Good
1mbs an i ing 1 ‘
pbs an bil;lf‘lfgnlng in the sad.dles of folds may be seen in the Elizabeth mi
o o ore beha ? stru.ctur.aIIy in the same way. It appears conceivabl " that
e fglds up Fe active in rqcks under a great load could halvece‘flva e
. or reasons cited above, the writer is inclined too‘;;n o ‘:ge
vor the

conception of unbalanced str i
¢ esses applied from n i
tions, the greater stress coming from the northeaosrttheaSt and southwest direc-

The manner in which the zi
X e zig-zag f
explained by arching a cor1veni§nt1gr olds were formed may be rather crudely

oxpamed b ver y wid<_3 strip of paper with it 1
ot t e Straffprd anticline. Since it is conceived tl h otinit i
e anticlinal axis conformed tures ang s trend

b fhe ant : with the regional structures a

arChedpstriumgfbly undistorted north-northeast and south—southwzgt’ tt her(fi:fore,

p of paper should have the same orientation. This stagren' ’ t1}11e
. e 1n the

analogy represents a section of the Str icli
an . : . afford anticline i
d 13‘[;) 3Vr1 iia]l;ggep::;od of foldmg and before the formatio":ls olft tﬁgpzei:zl-j:gaftoltdhse

west, respectinty 5 If:saseshopp.osmg each other from the northeast and south-.
o e Copective ,Incid s eelllrmg couple practically paralleling the axial trend
Folding. oo ne. phel entally, the following sequence in the analogy of th
fexibaity Boorer, t_emopstrated by using paper with a great aggount ;
foding The e, crlglfe dm thf:se directions constitute the second period gf
tresess et ot I;e ure 1s to apply the northeast-southwest directed
ey clher s p . compression or a shearing couple, to the proper]
the folded section 55;0(3111(32-11 bI(f, ;::nstge;zesdage 'Corredly o aXIi)S O};
. : be s nd horizontally into 3
irec gthotni.ntoTahlsO SC;")SS f'oldmg. 1s continued until the ;};aper ;Orcllfét};‘:: Si:elz
of Aelanis tp})] i 11(())11/c ;1mulatmg that (?f the original fold. During the process
C oo oping the 1 r westerly ben‘d in the anticlinal axis, and especially if
il poodues e is employed, el'ther actual or imaginative, the str d
il ype of folds exhibiting a zig-za, t herei red

Sy g pattern, herein named

The Standi iboli
anding Pond amphibolite and the coarse garnet schist already have

along
mine,

; . chists
ntercalated schists and quartz

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

Continuing from here northwesterly into the area of the limestones, the
amphibolite appears to be concealed, but a few folded exposures of coarse
garnet schist with variable dips have been recorded on the southwest slope of
the spur trending southeasterly toward the village of Strafford. On the slope
directly west of the village of Strafford the same inverted horizon continues
its northwest strike in an overturned fold, returning southeasterly as beds
right side up and terminating on the same slope just south of where they
began. From this point along the schist-limestone contact on Grannyhand
Hill to the brook about half a mile southwest of the summit of Whitcomb
Hill, the Standing Pond amphibolite occurs in limited exposures in two places,
the coarse garnet schist apparently being entirely absent. /

This normal stratigraphic sequence continues around the “oval” of the
Strafford anticline, but here the schist underlying the Standing Pond amphibo-
lite does not carry the large garnet porphyroblasts. Slightly more than half a
mile north of Standing Pond the underlying schists again carry the con-

ntinuous into the Randolph quadrangle. North-
tinue in normal order until they return on the
urving fold appended to the overturned syncline
of Gile Mountain schists bordering the “oval” of the Strafford anticline on
the west. For a short distance on the west side of the re-entrant between the
syncline and its appendage fold the beds are right side up, but in rounding
the north end of the syncline they become inverted again. They continue in
this relationship southwesterly for about 3 miles when the structure becomes
somewhat obscure. From the White River valley on, the coarse garnet schist
appears again, but bordering the Standing Pond amphibolite on its south-
east side.

It will be noted that the zig-zag folds on the northeast limb of the Straf-
ford anticline are overturned to the southwest, and the narrow, arcuate,
appendage fold on the southwest limb, to the northeast, and that these folds are
more closely folded and overturned near the anticlinal axis. The plunges of
the zig-zag folds are in the direction of dip of the beds, and if coincident with

spicuous garnets which are co
ward the horizon-markers con
southwest side of the narrow, ¢
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the dip of the beds and having equal values on both limbs of the fold, the beds
will be parallel and will not meet when projected to restore their original extent.
However, it is unlikely that such agreement in the dips and plunges in this
type of fold exists, although it might be approximated, when the projection
of the beds would have great length. The zig-zag folds on the Strafford
quadrangle very probably were closed at one time in their history.

FAULTS

Two prominent faults cross the southeast corner of the Strafford quad-
rangle in a southwest direction. They are the Ammonoosuc thrust and the
Monroe fault, the former extending about 134 miles on the quadrangle and
the latter about 334 miles. The Ammonoosuc thrust has been given detailed
description by Billings (1937, p. 525-530) and Hadley (1942, p. 154-156).

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

Bordering the narrow area of Gile Mountain schists on Blood Mountain
are amphibolites closely resembling the Standing Pond amphibolites. Because
of similar lithology and stratigraphic position, they have been correlated with
the Standing Pond amphibolites. The writer is of the opinion that in pre-
Ammonoosuc time the Gile Mountain schists on the east limb of the syncline

extended farther to the northwest and that much of this formation is now
concealed by the Ammonoosuc thrust. It appears, then, that the width of
the syncline was much greater before the development of the Ammonoosuc
thrust.

The Durkee Hill greenstones overlying the thrust are strongly contorted
and sheared, and contain much quartz in proximity to the fault contact. Layers
of quartz on cleavage and fracture surfaces are often slickensided. Minor
faults trending athwart the strike of the cleavage, shown by quartz stringers,
have been recorded with small displacements measured in inches. The under-
lying Gile Mountain schists are likewise sheared and contain slickensided
quartz on the surfaces. The schists are not as contorted as the overlying
greenstones. The Ammonoosuc thrust follows a straight course in depres-
sions elongated with its strike, which is southwesterly, ‘

The Monroe fault lies between the Meetinghouse slates on the west and
the Durkee Hill greenstones on the east, and passes through Union Village
where it crosses the Ompompanoosuc River. This fault is detected by a
stratigraphic break and excessively steep dips,

Mountain

many of them vertical, along
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its trend. These steep dips extending for some di.stance away f.ro.m thf ia;ulé
 hoth id ight perhaps be construed as evidence determining 1 !
on b.o th s l‘f ; rr\lv%lichl?(he western side has apparently gone down w1tch ges;iec—
%ra:]liteyef:sli sizlle However, the Monroe fault, f(rlom e;wdetncft; oli)tau;jkee ts}?e
o ut i i idered a thrust fault. .
R througttll?rl‘istltihleoj’i/%orff;:i‘;rtllsst Cc?‘lcl)?ses the area in southwest—tre'ndllng
oo lon a,trace almost equally straight. As shown by the attitudes
igﬁgeessflszllfs’ ?n t}%e bordering formations, the dip of the Monroe fault 1s very
e thi nol:'thwfss t;10t uncommon throughout the region, and a few leiul(tis
o ali m%zed in the Standing Pond amphibolite hz:ive been obselve1 .
The ga l'ess hocg‘z nding Pond amphibolite southeast of Gllmap I—.hll.and :Eme
;Sltiledegr?pplirllintgeup az)‘f the beds in tight, overturned folds are indicative of a

is place.
fault at this plac GEOLOGIC HISTORY

n
The area represented by the S‘trafford' quadr_anglfic wa%zr:ng:h?gpger;ocs)ft ;;.
ly Paleozoic geosyncline in which m_arme_sedlmen s W ¢ heing deposice.
The logic history of this region begins with the m1dd.Ie ilurian v .
Th? B ats conztituting the Memphremagog formatlgg were laid ovxén.
Se(hmentfl'nowts accumulated on the sea bottom as dolomitic muds and san S};
These n lllmre nalmounts of calcareous muds. Toward the end of 'the etlzzsct_
;Elctll‘jeassli]rllagl; more sand was deposited, accompanied by some volcanics, a
e Itg zlloﬁ)veerrlO%eovfoxrrllilelfl :i?’l:: n(iser;l(;sitioxl was dominated by 'san(ils., t“qthAssﬂiilel
amounts of limy and graphitic muds,. trll(()):; ltlézc?egec}lr/iggg(tlair; S; u1(slys.when fhe
1\(,)1“7etrinD}el\c;t)lrslzzalsllaa}(iga\l\l;ig tlii)odseig;(ls.l Sedimentation in the region was con-
e tl:le Svr;dreoifzér}rjls:g}r:;ueld zmdJ compressed intg folds with n?rth—
me:cﬁgitrg'ce;ds The Brocklebank granite was intruded into the strata irom
no 5
’ n?ﬁgegg‘a%;iztf:t'icline with an array of minor folds was the n(liajox;tszz:rcé
ture to form at this time, gnd the 'rqcks’ ﬂ:}i)r;ﬁg;gﬂz: tortlhggz \f&;eltzts a‘r:'erzaemlved
fOldFd e Syllldlsltl;s'es E)tf ﬁlgl;zt:gzroiian orogeny and }nark the end of :cihe
P thedea; )Eoldiig When the intrusion of the granites was well uny er
o e seco d erio& of folding was initiated when the zig-zag fol(ﬁs were
forn ﬂ(;e Se;icot‘;le Eorthern half of the Strafford anticline was .deforme.é nd
fom’ﬁle arzajor stresses generated in large part by ‘the mvadltnlg. fra?cl,deu éling
ive i eneral southerly direction not only were instrumental in p ucin
the rig- agf lds but quite likely caused a broad movement in a sou1 );
e hf) h finally culminated in the evolution of‘the Ammonoosuc th niusd
dlrelcuOE’ ‘:;e;it During this time shear planes, strikmg pra’c’ucall}}: né)trt ffi:;d
t’?itth] e;h:r; steep ;iips, developed in the region about the oval” of the Stra
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anticline. These shear planes gave rise to faults, along some of which ore
mineralization has taken place.

The Monroe fault developed at approximately the same time as the
Ammonoosuc thrust and, because of its steep dip, is believed to intersect the
latter at depth. The dip of the Monroe fault is unusually steep, which is
accounted for by folding. Basic intrusives probably accompanied the faulting
along the Monroe fault, invading older volcanics (probably Post Pond of
Hadley, 1942, p. 119), and rafting fragments of Meetinghouse slates of
Devonian age. . )

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

, CORRELATIONS

The Memphremagog formation appears not to be present among the
formations of western New Hampshire, unless the middle Silurian Fitch
(Billings and Cleaves, 1934, p. 415) represents a change in facies of the
Memphremagog formation eastward. Both formations have yielded fossils
of middle Silurian age. The overlying Gile Mountain schists strongly resem-
ble the Littleton formation (Billings and Cleaves, 1934, p. 418) lithologically
and, like the Littleton formation, rests upon beds of middle Silurian age. On
the basis of fossils they both belong to the lower Devonian. Because of these
relationships, the Gile Mountain schists are believed by the writer to be the
equivalent of the Littleton formation.

The Albee formation and Ammonoosuc volcanics (Billings, 1937, p. 472,
475) are missing on the Strafford quadrangle. This appears to be due to the
northeasterly plunge of the Durkee Hill greenstones which they would be
expected to overlie.

REFERENCES

Billings, M. P. (1937) Regional Metamorphism of the Littleton-Moosilauke area, New
Hampshire. Bull. Geol. Soc. Am., Vol. 48, p. 463-566.

Billings, M. P., and Cleaves, A. B. (1934) Paleontology of the Littleton area, New
Hampshire. Amer. Jour. Sci., Vol. 28,_p. 412-438.

Doll, 5C76(i (1943) A Paleozoic Revision in Vermont. Amer. Jour. Sci., Vol. 241,

p
Doll, C. G. (1943) A Brachiopod from Mica Schist, South Strafford, Vermont. Amer.
Jour. Sci., Vol. 241, p. 676-679.

Hadley, J. B. (1942) Stratigraphy, structure, and petrology of the Mt. Cube area, New
___ Hampshire. Bull. Geol. Soc. Am., Vol. 53", p. 113-176.

Hitchcock, C. H. (1912) Geology of the Strafford Quadrangle. Report of the Vermont
State Geologist, p. 100-146.

Richardson, C. H. (1902) The Terranes of Orange County, Vermont.

Report of the
Vermont State Geologist, p. 61-98.

e —— | ———— i £\ st

.

o smnamram] g

111

General Petrology in Strafford Township

ELsripGE C. JACOBS

i sectioned
Tifteen rocks collected by Professor Doll and t'h; wgte;rrlrll?lxées Eleoerréh o
1 i i jon within fiv
1 are included in the region ve miles o
. St%q;§d£w3 rtrllei{e‘s southwest of the hill and also the vicinity of the
peras Hill, twc 4 |
Mi ‘ de two drill cores. Citent
Mine. '11“hey ;?1(,1:11‘;65 no attempt has been made to separate th:aﬁ:;grossu_
i {a?altsl;fled determine their optical constants; white garnets are
min :
larite and red ones, almandite. .
The rocks are wholly metamorp ic.
summary of metamorphism in the twen

Geologist (1937-'38), page 26.

The lay reader is referred to a brief
ty-first Report of the Vermont State

THE MEMPHREMAGOG FORMATION

1
THE STANDING POND AMPHIBOLITE

’ . ag N 8
] ocation B—I Se {101 N(; !;;() 3 llll[e no 1 (Di StraffOId Vlll € Ilelland
C b4 A ‘
Spe(lllllell ClS a ﬁl’lely —]al‘[llnaied dar k gI een I Ock W eatheI nlg daIk bI (¢} W(Il. It 15
()i SChlStOSQ str uctut € and thO'gI athblaStlc textut e W 1th Inetacr y StS pOI phy -

1 Is. . in pris-
roblasts) of many minerad t of the slide and occurs in prl
bably 80 percent 0 . d and giv-
Hornblende makes up pro 6 wide, generally oriented and g
: i o 10 mm. long and 6 mm. ) itized, the
e SeCt}lF«r;S sl;psttructure to the rock. It is much corrpded and (:111(})31;; feingent
1r11g10t£§ezciyllil(l)1ding diabantite and penninite, w1.th }t]hmer ;‘Zgogéreln doveloped in
e ; d magnetite hav )
idote, carbonate an 1av. L. blastopoi-
Cglml‘s. %luirdt; ’tzgether with a small amount of biotite, giving the P
the hornble
13t 1 structure. C e e qe : S the 1arg_
K Sl'evff’er abundant with its characteristic idioblastic Shfl)zr’ grains as
< gtfsel;e()ls% m)in. Magnetite is extensively developteil énxlréf)% - Epidote
s;Zu as in euhedral and subhedral crystals, ghg: f E)ggsmm' and there are a good
. PR - ‘< im . . .y .

i 11, irregular grains, maximy <larite garnets are
occurs in Sﬁlzectioﬂg of clinozoisite. A few §catterecldgroigulzilr e tghe ot
mani'l §m;:1 e chlorite. Faint patches of biotite have develop
noted 1 th : X :
together with several small subhedr z}l sections. oo Carlsbad twins, an d

* The sials? consist of orthoclase, mclu%mg one 1Ziderably altered to sericite,
hs ; are co1 :
i All show strain shadows and ! thoclase in
ilag;()dasz' otA;]ler minerals Plagioclase is subordinate to the or
aolin an ‘

t.
1 See the geological map in the pock{et of the Repor
2 ©GQjals” include quartz and {eldspar.
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am i i
kleggn‘fv?trllldés of tl‘le andesine-oligoclase variety. Tl
ne mineral dust, mostly ides.
: ' , y sulphides.
andCuonsiltderzble pyrrhotite, some includirll)
naltered to leucoxene. Th i
e unatered ene. e pyrrhotite includes grains
c . of - a
was evidently introduced later. Cheni;ical tests t(l;le Son -
n the ground

rock show titanium
, manganese, an
longs to the hornblende. @ @ trace of copper.

The rock is hornble i
. nde-schist : iboli
this represents the lowest grade of Ii‘;}t::;ggﬁdlte- ot i s studied

ingirom the Chlorite zone).
partial chemical analysis of the amphibolite gave: °

1e whole section is “sprin-

g tiny rods of rutile, is found, fresh
The manganese be-

ism. Biotite zone (just emerg-

Si02 ..........

gggbmed oxidest ................ 47.15 percent

MO e 38.97 percent
.... 7.52 percent

6.67 percent

I hlS aIlalySIS 811(1 the a q gg
bSeIlCe ()i fI (S
e quartz m t] 1€ SeCtl()ll Su est a l)aSlC
lglle()us IOCk as the pI ()ge]llt()I Of the aIIlphlbOllte, 1t IIlay Weu ha\/e bee“ a
Ia‘a ﬂ: as CII :fESSCI ]: OH SuggEStS'
C = . Y. I 11 llall
LO athll E l y SeCtIOIl 5; 8 , one f()llI th Hnle nor th ()f ()ld Clt € d

specimen is a dark-green
| , very fresh 1 - iboli i
of almandite garnet. It Weat{lers blagiedle mptibolite with a few

The slide is much like No. 576 but the am

comprises perhaps 90
' percent of t i
tized. It occurs in long o e

fine grains

fphlL)olite is probably actinolite
. 1s tresher and only slightl i
. There s in long, (lljetctussate prismatic sections, maximumgl 2(}; )Cchg);g
g one ey s & goa gooq many xenoblasts of grossular'ite inct vd
pioone monster, in.the Cra.Cksmrz.lm sx;e, slightly chloritized and containlilng-
. .o : m i g i .
A tlﬁl hand snecin. e racks andite 1s not seen in the slide but occurs
e sials include quart :
Acourd Sials in q z, ortl}oclase, and plagioclase near i
focess toyleuc rals are sphene, clinozoisite, a few grains of il onite st
gl lr.?xene,. carbonate, a few apatite needles, and zirmemte somewhat
b Ofpgy; rehg{atn1§ are abundant and as large as 6.85 X 0.8? l;l‘lslm ;
arhount of py laCkine 15 prese;t. Tghe fine mineral dust noted in 1;1’0atsmfaller
of e suloies g ﬁler;es. ¥ fiuch iron oxide has resulted from the oicigatitge
he sul les ; imonite are seen in the cr i !
. ock is a very pure actinolite-schist : a quartz YTt_al b_OUHdal‘les-
Almandite zone. el

THE COARSE GARNET SCHIST (page 17)

Location CD'Z se t y -
! ! > ction 5; ; » RICI\‘IaSteI Hlll near tlle (:()I)ta(:t with 1€ am
phlbollte belt ShOW n on the geologlcal 111ap ( I late III ) .
I he han ici n ontact wi 1 schist
(l Specl]“e]l ShOWS a sericite SClllSt i C act tl a dark h

1 Fe203, AlaOgz, TiOs, MnjOa.

exist as FeO, Of course a l
large part of the iron (even the whole of it)
may
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containing red and black garnets which, in the field, reach 2.5 inches in diame-

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

grano—folioblastic texture containing very large metacrysts.
clude small grossularite grains and larger almandites (maximum 0.5 x 06
mm.). The garnets are much compressed, fractured, and contain inclusions
of quartz and some soisite. Some of the cracks are filled with pyrite and pos-
sibly chalcopyrite, which shows that these sulphides are younger than the

garnet.
longated grains showing strain shadows and inclu-

The quartz occurs in €
sions. It is probably the second mineral in abundance; the grains are as large

as 1.3 x 0.8 mm. Large sections of andesine-plagioclase, a small amount of
sericite and a few grains of microcline also occur.

Biotite is large in amount and occurs as fairly well oriented laths, maxi-
mum 3.2 x 0.9 mm. Grains of clinozoisite with its abnormal birefringent
colors, rutile, spinel, and zircon are noted. A good deal of graphite dust and
a great deal of sulphide dust are scattered over the slide. More or less iron
oxide has resulted from the oxidation of the sulphides. No hornblende is pres-
ent ; chlorite has been used up in the production of the garnets and biotite.

Almandite zone.

THE LIMESTONES AND SCHISTS (page 16)

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

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

about 50 percent of the section.
The sials are: quartz with fine m
to it in amount, a subordinate amount o
cline. A few small grossularite garnets, tour
noted. Much pyrrhotite and magnetite occur i
schistosity, and knots. Considerable graphite is noted.
The rock is a silicious biotite-calcite schist. It bears out Professor

Doll’s suggestion of ““a transition zone between the calcareous formation (Waits
River limestone) to the west and the silicious formations (Gile Mountain
schist) to the east.” The influence of the adjacent amphibolite is seen in the

development of biotite and magnetite.
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are made up of alternate bands of coarse and fine grains from 1.3 x 0.8 to
0.05 x 0.05 mm. in size, somewhat elongated and oriented and showing the
usual strain shadows. Quartz predominates, orthoclase is present, and there
is considerable plagioclase, nearest andesine.

The section contains many metacrysts of which those largest in amount are
almandite garnets, the largest 44 x 1.2 mm. These almandites are largely
skeletal but subhedral crystals are also seen. Some of the garnets are much
altered to quartz and sheaves of penninite, thus showing retrogression. Con-

siderable grossularite is also present in small oval grains.

Next in amount comes a Very pale green hornblende in much corroded -
prismatic and basal sections, the largest, 2.8 x 12 mm. It is much altered to
penninite small sheaves of which are included in it, and large sheaves, maxi-
mum 1.0 x 0.7 mm., are in contact with the amphibole.

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

blen@e-quartz-gneiss.
Almandite zone.

Location CF-3b; section 5&5.
The specimen came from the south side of Whitcomb Hill, somewhat north

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

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

The rock is a garnet-mica-quartzite.

Almandite zone.

Location CF-17; sections 586 a, b, ¢, d; about five-eights of a mile northwest
of CF-3 and considerably removed from the surrounding amphibolite belt.
The hand specimen is a dark, brownish-black, thinly foliated schist, weath-
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ering dirty brown, and containing red garnets as large as eight mm., and ra-
diated fibers of a dark mineral.

The sections show that the rock is a sillimanite-kyanite-biotite-garnet
schist. The structure is schistose, the texture prevailingly folioblastic.

Broad laths of biotite extend across the slide, interlaminated with clino-
zoisite and fibers of sillimanite—in some of the slides large metacrysts of silli-
manite are seen, slightly pleochroic from contained biotite. Elongated quartz
and orthoclase and narrow bands of graphite are also included.

The garnets are chiefly almandite and a few small grossularites. The al-
mandites are as large as 2.3 x 2.1 mm. ; some are much cracked and corroded
while others have suffered less alteration. The kyanite occurs in aggregates,
maximum 1.4 x 1.2 mm.

For accessory minerals, a few small rutiles, a small amount of magnetite
and pyrrhotite and some fine grains of (probably) gold occur. Very fine
sulphide dust is scattered over the slides. It might be well to assay this rock
for gold.

Sillimanite zone.

Location SR-43, section 589; about one-half mile southwest of Copperas
Hill.

The hand specimen is a silvery-gray schist enclosing dark granular- ma-
terial which includes garnets, fine sulphide grains and mica flakes.

The section shows a schistose structure and folio-granoblastic texture with
metacrysts of fresh, brown biotite making up nearly half the total area. The
sials comprise quartz, orthoclase (the former in excess), maximum 0.90 x 0.57
mm., albite-plagioclase, maximum 0.60 x 0.60 mm., and a few grains of mi-
crocline. The sials show the usual strain shadows but are not so much elongated
as in other slides. The biotite occurs in prismatic and basal sections, maximum
1.70 x 0.50 mm., generally oriented with the schistosity. It is much corroded
and altered, chiefly to quartz. A good many grossularite garnets are scattered
through the slide singly and in nests, maximum 0.25 x 0.20 mm. ; some of them
are somewhat anisotropic. There are possibly a few apatite needles. The
opaques are difficult to determine but appear to consist of magnetite and pyrr-
hotite—and possibly chalcopyrite. They are not very numerous.

The rock is a biotite-garnet-sericite schist.

Grossularite-garnet zone.

Location SD-51; section 590; a few rods northwest of SD-43. The hand
specimen is a dark, silvery-gray schistose rock with included red garnets. There
are reticulated fibers on the surface as in section 586. These are probably
kyanite.

The section resembles 589 in its structure but the biotite is bleached and
less in amount, and new minerals appear. The structure is schistose, the
texture grano-folioblastic with meta crysts of almandite, kyanite and clino-
zoisite.

The sials are quartz and sericite and vary in size from 0.70 x 0.55 mm. to
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(26 mm.) ; narrow biotite laths and some muscovite laths have also formed in
the sial boundaries, as noted above.

The garnets consist of small grossularites and a few large blastopoikilitic
almandites, maximum 2.6 x 24 mm., much corroded, altered to quartz and
orthoclase, and showing slight chloritization,

There are a few small grains of sphene, maximum 0.36-0.12 mm., and a

few tourmalines, maximum 0.1 x 0.05 mm. A few tiny zircons and consider-
able fine mineral dust are noted.

The rock is a garnet-biotite gneiss,
Almandite zone.

DRILL CORES

Diamond drill cores being available, the writer thought it would be interest-
ing to compare their mineralogy near the surface with that at depth. The
cores selected were from the Bureau of Mines drill hole No. 18, at the s
end of the Elizabeth vein zone, between the old South
opencut, 1800 feet south of coordinate 10,000 feet N”’

Section 594 was cut from a core seven feet below th
biotite-feldspar schist.

bands running the len

outh
Mine and the main
(Plate T).

e surface. It shows a
Brown biotite occurs as long, oriented laths in broad
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show strain shadows, and are covered
They are generally fresh but some show alteration to
- Their average grain size is 0.87 x 0.44 mm.
For the accessory minerals, a few small grossularite garnets, zircons and
tourmalines are scattered through the slide. No carbonate is seen.
Chalcopyrite and less pyrrhotite occur in small grains and elongated string-
ers, the largest 1.7 x 0.50 mm., lying in the schistosity.

Grossularite-garnet zone.

Section 595, from 190 feet below the surface, shows about the same miner-
alogy but the biotite has a coarser grain size. It occurs mostly in large, frag-
mental prismatic and also basal sections, showing less orientation than 594.
It is much corroded and chloritized—some of i

t is entirely altered to chlorite,

thus showing retrogression.
The sials are quartz (predomin
about equal in amount to the biotite,

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

ant), orthoclase, and andesine-oligoclase,
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Vermont Mineral Industries

Everinge C. Jacoss

These industries have been variously affected by the war
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COPPER
See The Vermont Copper Company.

GRANITE

Owing to the acute labor shorta
supply t.he demand for monumental
Barre district: the J. K. Pirie Estat
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LIMESTONE

The chief demand is for agricultural lime.
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MARBLE

About 80 percent of the Vermont Marble Company's activities are in iron
work for the war effort. The marble produced is very largely for monumental

purposes.
SLATE

Owing to building restrictions and other causes the slate industry is prob-
ably at the lowest point in its history : less than five percent of normal. The
active slate companies at present are: the Hinchy Consolidated Slate Company,
of Hydeville; the Landscape Slate and Roofing Company, of Poultney ; Pedro
Brothers, of Fair Haven; the Staso Milling Company, of Castleton; the Ver-
mont Slate Flooring Corporation and the Vermont Structural Slate Company,
Inc., of Fair Haven.

TALC

There is an active demand for ground talc for its varied purposes, and for
talc crayons. Companies engaged in the talc business are: the Fastern-
Magnesia Talc Company, of Burlington, with mines at Johnson and Moretown;
the Vermont Mineral Products Company, of Chester Depot, with its new
mine in Reading; and the Vermont Tale Company, of Chester Depot, with
its mine in Windham County.

MINERAL INVESTIGATIONS

During the last biennium the U. S. Bureau of Mines, the State Geologist, or
“both these agencies have examined a considerable number of mineral deposits
in the State to see if they could be used in the war effort. These examinations
have included graphite in Ripton, galena and zinc in Leicester (Lyon Hill) ;
galena in Brandon, mica in Sherburne, Rochester and Woodbury ; manganese
in Lincoln and South Wallingford (the old Kinney Cobble mine once worked
by the Carnegie Steel Company) ; molybdenum at Cuttingsville; the old pyrite-
chalcopyrite deposit at Copperas Hill, Shrewsbury; and many old iron ore
deposits. ‘
Of these only the mica deposit in southwest Rochester, where a fairly
promising deposit of muscovite mica is being worked in a small way by Mr.
H. J. Fuller, of Chester Depot, and the old Burden iron ore bed in West

Bennington seem to have any promise.

IRON ORE DEPOSITS

Iron production was a thriving industry in Vermont in the nineteenth
century, in one instance as late as about 1880. Deposits were worked in Rut-
land, Windham and Bennington counties and today the remains of old stone,
cold-blast furnaces which used charcoal for fuel are found in East Pittsford,
Plymouth, Forestdale and East Bennington. The Conant furnace at Forest-
dale is the best preserved and is shown on Plate V but the air-blast pump



Plate V. Old Iron Furnace at Forestdale
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and waterwheel and the stacks at the top of the furnace are missing. The
furnace was originally about 35 feet high and was last in blast about 1853.

The ores appear to have been thinly bedded deposits of bog iron and
hematite often associated with manganese minerals and kaolin. The ores in
some instances contained so much manganese that they could not be used for
the production of soft pig iron. Such was the case in East Bennington, along
the Walloomsac River where those parts of the deposit rich in manganese were
not mined, with the result that some manganese ore still remains but probably
not in commercial quantities. Since the deposit is very near the river and
not much above it, flood waters would interfere seriously with mining opera-
tions, as they probably did in the past.

The iron furnaces seem to have exhausted the iron deposits near them for
no traces of ore are to be found in their vicinity, except at East Bennington.*
The deposits more removed from the smelting centers may still contain ore
but the old shafts are caved in and it probably would not pay to reopen them.

The most promising deposits today are the old Burden beds in West Ben-
nington near the New York State line. These were mined years ago to supply
the Burden blast furnace at Troy, New York, but operations were discon-
tinued in favor of the magnetite deposit at Mineville, New York, so that
commercial amounts of ore probably remain. This property has been acquired
by Mr. Ferdinand Mayer, of Bennington, and some exploratory work has been
done by Prof. T. T. Quirke of the University of Illinois. This work has been
suspended and will be undertaken anew by the District Engineer of the Bureau
of Mines when time permits. The Bureau has produced samples of good
sponge iron from the deposit. -

KAOLIN

The only company producing kaolin is Frank E. Bushey and Sons, of East

Monkton ; post office address, Bristol, Vermont.

1See Iron Mining and Smelting in Bennington, Vermont; John Spargo, Bennington Historical
Museum (1938).





