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Abstract

Tvo nontitaniferous magnetite deposits of St. Lawremce County,
northwestern New York, were reopened in 1941, Between 1941 and 1946,
10 promising new deposits and 12 small prospects were found, chiefly
by systematic geophysical prospecting based on loeal and regional
geologiec studies,

The magnetite deposits occur in old pre=Cambrian rocks. They
belong to two geologic typee, skarn ore and granite gnelss ore, esch
of which has been modified locally to form important subtypes. Skarn
ores are variable in grade, complex in structure, and small to moderate
in sige, tending to yield massive ore bodies. They are strikingly
similar to those found in Central Sweden. OGranite gneiss ores are
asccompanied by quarts, potesh feldspar, biotite, manganiferous garnet,
and sillimenite. A modified type has abundant spessartite and fluorite,
vith barite as & prominent accessory. OGranite gnelss cres form dissene
inated deposits of uniformly low grade, remarikable contimuity, and
moderate to very large size, Primery crystalline hemetite occurs
vith magnetite in ores of this unusual type.

Ore is restricted to a complex structural iknot of metasediments
snd younger granite sheets pressed into isoclinal folds sgainst but-

tresses of older granitic rocks, Ore bodies 1ie on the limbs or noses
of folds, often appearing as fishhooks in plan. The ore is younger

than the deformation and wetamorphism of the host rocks, It repre-
sents & high-temperature replacement effected by solutions derived
from younger granite magms. Late hydrothermel leaching of the miner-



slized sones is 2 noteworthy feature of several deposits. Zening of
Adirondack mineral deposits is discussed.

Introduction

Location and importance of the distriet

The St. lawrence County magnetite district is in northera New
York, in the southeast part of St. Lawrence County. The district,
which covers sbout 1,000 square miles, lies on the northwest flank
of the Adirondacks, in the foothills between the high Adirondsck
massif and the lowlands of the S5t. ‘mo valley. It 1s one of the
three districts in New York that produce nonmtitaniferous magnetite,
the others being the Clinton County (Chateaugay) district and the
Mineville-Port Henry district. (See fig. 1.)

There are at present two operating magnetite aines in the dise
trict: Benson Mines of the Jones and Laughlin Ore Company, near Star
Lake; and the Clifton mine of the Hanna Coal and Ore Corporation, near
Degrasse, These deposits, known for s century or more and operated
from time to time in the past, vere reopened in 1941, From 1943 to
1949, the two mines produced sbout 5 million long tons of shipping
product, mostly sintered magnetite averaging 62.5 - 63.5 percent Ve,
Thelir combined annual production is roughly half that of New York
State, or about 1 percent of the country's total production of iren
ore. (¥or production figures, see Crockett, 1943, 1944; J. R, Linney,
1945, 1946, 1947, 1548; R, J. Linney, 1949; Minerals Yearbook, 1944,
1945, 1946, 1948; Webb and Fleck, 1950.)



Between 1941 and 1946, 10 promising new depoeits and 12 small
prospects vere found, chiefly by systematic geophysical prospecting
based on local and regionsl geologic studies. In terms of "vein
length®, as much favorable ground was roim in those five ysars as
had been known for the preceding century. Unfortunately, this is not
equivalent to saying thet the ore reserve was doubled by the explora=
tion of those five years, for muich of the mewly found ore is in smaller,
scattered deposits., The value of ;mun prospecting for magnetite
deposits has been recognized for mmny years, but the "payeoff® in the
St. Lawrence County district has deen startliag indeed,

In addition to its magnetite deposits, 5t. Lawrence Uounty cone
tains the productive Edwarde-Balmat sinc district (Brown, 1942) and
the Gouverneur talc district (Ragel, 1549). Before World War I, the
pyrite and pyrrhotite deposits of the county were an importance source
of sulfur (Buddington, 1917, 1934). The hematite deposits of the
KeeneeAntwerp belt were & modest source of iron ore before 1910 (Bude
dington, 1934). During and after World War II, interest in the hemse
tite deposits was renewed, and for that reason a section of this ree
port treate the subject very briefly. More receatly, the old Rossie
lend veins have been explored by diamond drilling,

A generation or two ago, &nother aspect of the mineral wealth
of St. lLawrence County was known to mineralogists and collectors the
world over. That was the celebrated store of crystals of pyroxens,
scapolite, danburite, apatite, phlogopite, tourmaline, and sssociated
contact minerals from Rossie, Russell, Gouverneur, Pierrepont, and



other places in the county. Many of the famous mineral localities
were described by Agar (1923). Though the county has lost its pree
eminence as & source of large and showy csbinet specimens, it can
still boast of new minerals (Engel, 1947) and nev finds of minerels
in & new environment.

Purpose and scope of this report

The U, 8. Geological Survey undertook a study of the geology
snd ore deposits of the S5t. Lawrence County magnetite district in
1943, This work was supervised by A, F, Buddington. Most of >tho
regionnl geologlc mapping snd part of the field studies of the ore dee
posits were carried out jointly by Buddington snd the writer. The
field work was completed in 1950, and the results of the study will
be presented in a forthcoming professional paper of the Geological
Survey (Buddington and Leonard, in preparation). Buddington assumed
responsibility for the general framework of the final report and for
the areal geology of the district. The writer assumes responsibility
for the genersli problem of the magnetite deposits and for the deseripe
tion of individual mimes and prospects.

In the report at hand, the writer presents & general description
of the magnetite deposits, considers their origin, and attempts to
relate the deposits to their regional geologic setting, The report
sumnerizes one part of the Survey's work, It supplements detailed
deseriptions of individual ore deposits (Leonard, in preparstion).



Exploration and development of the district

The existence of magnetite deposits in the district has deen
known for almost & century and a half. Linney (1943) has given a
brief account of Benson Mines, Jayville, and Clifton in his history
of iron mining in the Adirondacke, Attempts to mine the deposits were
intermittent until 1941, vhem intensive exploratory work by the Jozes
and Laughlin and Janna corporstions led to the development and active
mining of the Benson Minee and Clifton deposits, respectively. During
the long years between the several mining operations, the State of
New York expressed its continuing interesi in the dlstrict in the
form of geologic reports by Newland (1908) and Dale (1934, 1935).

The strategic importance of iron ore in the Zsstern States led
the U, S, Geological Survey to enter the distriet in 1943, A prograa
of geologic mapping, dip-needle reconnaissance, study of kmown dee
posits, end assistance in diamond-drill exploration was then begun,
The U, 5, Bureau of Mines commenced its exploratory work later ir 1943,
snd cooperative exploration by private interests and the two Federal
sgencies continued through 1946. When exploration was at ite peak,
four companies had crews at work in the district! Jones snd Leughlin,
Eanna, Shensngo Furnace Company, and Newton Falls Psper Mill. The
last company, owner of several large blocks of timderland, led all
other groups, public and private, in the nmumber of discoveries of
promising deposits. In 1945, the Survey's application of the airborne
magnetometer to the search for ore increased the discovery rate cone
siderakly, MNost of the district was flown that year, and the rest



was flown in 1946, The most important results of exploratory work by :
the Geological Survey snd Bureau of Mines are embodied in the pree
liminary reports of Buddington and Leonard (1944, 1945a, 1945%);
Hawkes and Balsley (1946); Mawkes, Balsley, ot al. (1946a, 1946d);
Baleley, Buddington, et al. (1950); Millar (1947); and Reed and
Cohen (1947). Certsin snomalies found in the seromagnetic survey
were checked by dipeneedle surveys made by the New York State Science
Serviee under the direction of Shaud (1949).

The results of exploration in the district are given in the fole
loving tabulationsi

' Mines and prospects known in 1941 _/

3 major deposits (Benson Mines, Clifton, Parish)
2 minor deposits, faintly promising (Green Farm, Jayville)
6 small and apparently worthless prospects

_J Classification dased on data availadble im 1950, mot inm 1941,

Discoveries, 1941-1946 _/

1¢ promising deposits

12 minor but rather promising deposits or anomalies

25 smell prospects or anomalies, all of very questione
able wvorth

_/ Includes several found in delayed ground checks of seromagnetic
anomalies, after 1946,

Teble 1 (below) shows by whom sand by what means the discoveries
vere made,



Table 1, Magnetite deposits and magnetic anomalies discovered in
the 5t. lawrence County district, 19411946 _/

A o anomaly detected in aseromagnetic survey; subsequently
checked by dip needle

U « anomaly first found by dip needle
0 « deposit discovered from outcrop

Class of deposit Companies Uses USBM Joint
or anomaly USeS-USBNM
¥ajor deposits (10) 6=D i-; 1-D
s & - rms——
6 3 1
Minor but promising =D Q=i =D i=2
prospects or anom- 1 9 1 1
alies (12)
Small snomalies or 5«0 13-4 leD
prospects, all of i L= PR
questionadle worth (25) ] 19 1

./ Includes several anomalies found in subsequent ground checks
of meromagnetic anomalies, May omit some anomslies found by companies
but mot known to writer. Omits many unnamed and imconsequential
anomalies, &8s well as aeromagnetic snomalies produced by widespread
disseminations of accessory iron oxides in country rock,

Of the new deposite, all but two were completely cbscured by
overburden whose thickness ranged from a few feet to 150 feet. Howe
ever, only one of ihe two was auomuw_ntomt the other dee
posit yas indicated by dip needle before the exposed ore was found,



Thue the importance of geophysical alde in finding new ore in this
district was overvhelming.

The relative success of the airborne magnetometer and the dip
needle as primary detectors of anomalies cannot be gnuged from Table
1. The dip needle was diligently applied in the district for four
years before the airborne magnetometer decame availadle, All the
known major deposite and dipeneedle anomaliees were later detected by
the airborne megnetometer. The situation reaffirme the old saying
that hindeight is better than foresight: if the airborne magnetometer
had been available in 1941, it would have done what the dip needle
did, ut more quickly.

A second point drought out by Tabdle 1 is the high score of the
companies, two of which had particularly effective prospecting organe
izations, S0 far as the writer knows, five of the six major deposits
discovered by the companies were found between 1941 and July of 1943,

The relatively high ratio of newefound promising deposits to
minor ones (10/12), and generally promising deposits to umpromising
ones (22/25), is encoursging to those searching for new ore dodies
in other districts. This record of success is offset somewhat by
the reasonable assurance that most of the promising depesits in the
St. Lawrence County district have already been found (thanke to the
coverage of the seromagnetic survey), and that there is no second Benson
Mines. Major deposits with an inferred reserve of several million to
many million tons were found, but none of these appears to approach
the huge size of the Benson deposit,
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Geologic setting of the district

General geology of the Adirondacks

The Adirondack region lier in morthern New York within & triangle
formed by the 5t. Lawrence, Black, Mohawk, and Hudeon-Champlain valleys,
If the geologically similer Grenville Lowlands are ineluded, the
Adirondacks cover nearly 10,000 square miles. Of this area about 60
percent has geologic maps on & scale of 1/62,500.

Topographically, the region is varied. HEigh mountains (5,900
feet) make up the eastern part. Successively northwest are the swampy
Childwold rock terrace, & "fallezone slope", and the Grenville Lowlands

10



bordering the St, lawrence. 4 pre-Cambrian peneplain is well pree
gerved in the loviand area,

Geologically, the Adirondacks are & complex of igneous rocks
and metamorphosed igneous and sedimentary rocks of old preeCambrian
age constituting an ontlier of the Canadisn Shield, Their gross struc-
ture may be divided into internal and external elements, Intermally,
the Adirondacks have = body of igneous rocke flanked on the northwest
and south by tracts in which metasediments predominate, Externally,
the Adirondack pre-Cambrian rocks as & vhole are an asymmetrical dome
overlapped on the north, west, and south by sedimentary rocks of Zarly
Paleosoic age, Fault blocks capped ’un Lower Paleosoie rocks line
the steep eastern face, and soattered outliers of similar rocks are
found in the central Adirondscks, Joming is related to the Taconie
orogeny, sccording to Kay (1942). The fellowing resumé deals chiefly
vith the internal features of the region.

dajor subdivisions and their rocks

The core 9! the Adirondacks is a large body of anorthosite with
several subsidiary mmsses nearty. Closely associated with the anorthosite
are suall bodies of gabhro, in part genetically related to the anortho-
site, in part of younger age. Commerciamlly Wt bodies of ilmenite~
magretite accompany the snorthositic rocks in several areas and are
mined extensively at Tahawus (Stephenson, 1945)., Metasedimentary rocks
snd wembers of the quarts syenite series ocour sparingly in the core
ares. The related prodlems of the anorthosite, gabbro, and quarts syenite
have been treated extensively by Balk (1931, 1944), Buddington (1979), and
othorp.
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Surrounding the core and forming the dulk of the Adirondack massif
is a complex of igneous rocks with subordinate metasedimentary rocks.
The ratio of the two is sbout 85:115. The igneous rocks are dominantly

They belong to two great groups: an older quartz syemitic
Though the bulk chemical com-

granitie.

series and a younger granitic series,
position of the quarts syenitic rocks approaches that of & granite,

the series shows a remarkably high upn of differentiation renging
from shonkinitic syenite with layers of feldspathic ultramafiec rock,

through pyroxene syenites and quartz syenites, to ferrohastingsite

granite and alaskite, The differeantiation has come about through gravity

gtratification, Clinopyroxene is e charscteristic mafic for the
quarts syenite series sas & whole and seversl members of the series

have a prominent phacolidal struciure resulting from the deformation
of an originally porphyritic structure. One quartz syenite complex

is characterised by orthoepyroxens as & major mafic mineral and theree
fore is of charnockitic charscter,

The younger muto seriss has hornblendeenicroperthite granite
‘as its fundemental type, with alaskite, microcline granite, and sods
granite (albite~oligoclase granite) as extreme differentiates. Nicro-
cline granite magma and its derivatives have, in places, affected certain
metasedimentary rocks in & maaner ascribed to granitisation. Loeally,
microcline granite, alaskite, and granite or syenite pegmatite vein the
country rock, giving rise to migmatites. Similar migmatites are wide-
spread in parts of the dominantly metasedimentary tracts. The origin

of 211 the granitic rocks has recently been discussed at length by
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Buddington (1948).

The metasedimentary rocks that flank the dowinantly igneous massif
have for many years been assigned to the Greaville series, Intere
leaved with the metasediments are sheets and phecolithic bodies of granite,
a8 well as sheete of gebbroic rocks. The ratio of igneous rocks to
metasediments is abeut 30:70, roughly the inverse of the ratio that
obtains within the massif, The netasediments comprise caleitic améd
dolomitic marbles, biotite-guarts-plagicclsse gneies {locally garnetifere
ous), suartzitic ucku.vquﬂl-fouw greiss (gramulites), amphie
belites of uncertein origin, amd minor bdut economically important
tremolite schist oad related rocks., MNost of the petasedimente have
their counterpart in the interior of the Adirondacks. The southern
tract of metasediments iz rather casuslly nown, but the northwest
trect has been the subject of repeated investigation, the most recent
and thorough being that of ingel (in preparation). Nowhere in this
vast and well exposed tract of dominently metasedimentary rocks is
there avidence of bedded iron formasions.

Sequence of intrusion, deformstion, and metamorphism

The oldest rocks of the Adirondacks are metasediments of the
Orenville series. Iato these was intruded a gabdroic anorthosite
mague thet differentisted to yleld a gabbroic muorthosite dorder facies
(partly resulting from assimilation of skarn), sn anorthosite core,
aad looal deposits of ilmenitee-magnetite, The znorthosite and metae
sediments were later intruded by dikes, sheets, lenses, and funnelelike
bodies of gabbro, some of which have yielded smell bodies of ilmenites
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magnetite, Locally in the northwest Adirondacks, dioritic rocks were
intruded subsequent to the emplacement of the gabbro, Later still,
large volumes of gquarts syemitic magmh were injected into the metae
tediments as thick sheets and scattered lemses and sills. Some of the
magme consolidated as dikes in anorthosite and gadbbro. ¥What the cone
dition of the Grenville rocks may have been at this time, no one cen
say with assurance, Certainly the sedimentary rocks were virtuslly
flat or only gently inclined, for the members of the guarts syenite
series show strong evidence of origin by gravity stratification. Yet
sheets of quarts syenitic rocks and their host rocks are nov as & rule
isoclinally folded, overturaed, and in places pulledspart. In general
tasy are gneissic, recrystallised, or reconstituted. In places they
are cut by later granites whick are much less deformed than the

quarts syenites themaelves., Thus the region was subjected to a pro-
found deformation after solifdifivation of the differentiated gqusrts
syenite magma mnd intrusion of minor hypersthene metadiabase dikes,
Perhaps the soe-callad younger granite made its appearance in the waning
stages of this deformation. OUranite veins, dikes, and cross-cutting
bodies of batholithic dimensions transect the highly deformed quarts
syenitic gneisses but are themselves undeformed or only slightly ree
erystallised. However, in some aress “he sheets and phacoliths of
"younger® granite are moderately or strongly deformed, indieating

& second but less intense period of deformation subsequent to the

emplacement of the granite magma,
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Diabase was the last igneous rock indruded in the Adircndacks.
Its distridution is rather locel (Puddington, 1939). Ia places,
disbare diker hove entered fault sones along whick postedike move-
ment hae slso ocourred (Oapwon, 1937). Except for feulting, the dikes
are undeformed. This and other evidence has led to the belief that
the dikes are of late Proterosoic (Xeveenawan?) mge. Alkalic dikes
ere found locally in the esstern Adirondscks, but these are of poste
Ordovician age (Buddington and Whitcomd, 1941, pp. 85-86).

Of the earlier, pre-kinematic intrusive rocks, only the snorthosite
produced extensive pyrometasomatic alteration of its wall rocks, and
none of the earlier intrusives developed extensive sones of migmatites,
Such festures are restricted to contact zones of the younger granites.
The development of granite pegmatite, loecslly syenitic, is also a
characteristic accompaniment of the younger granites, dut the volume
of pegmatite is very small indeed in comparison to the bulk of the
granites themselves, Rxtontive minernlization talting the form of
iron oxides, sulfides of the base metals, doron minerals, rare-earth
minerals, flurino- and chlorise-bearing minerals, manganese silicates,
barium minerals, snd sertain hydrous eilicates is asscciated only with
the younger granites, and there only in certain definite somee. It
is true thet minor quantities of some of these mimerals are found with
one or another of the older intrusives, bdut their extensive and charece
teristic development is with the younger granites, ’

Much of the rock of the Adirondsck area, except sertain mimersl
deposits and the dimbase dikes have in some degree been affected by &

15



regional dynamothermal metamorphism. Its effect on the igneous rooks
has been investigated by Buddington (1939), and detailed study of its
effect on the metasedimentary rocke of the Gouverneur ares iz being
made by A, . J. and Celeste Zngel (1950). Buddington (1939) recoge
nized Mnoho metamorphic sones or facles based on progressive deformse
tion, recrystallisation, and reconstitution of the ignecus rocks.
Deformation took place mainly by plastic flow in the solid state.
Directed pressure, heat, and locel addition of new msterial and lench-
ing of old material have all played » part in the regional metasworphism,
¥hile the principal variations in facies are of wide areal extent,
loeal variations arise in particular geologic environzents, where for
exasple "mobile” marble may bave cushioned sheets of quarts syenite
sgainet cataclastic deformetion, or the sheer size and rigidity of

& body of igneous rock may bave localiszed deformation at its borders,
leaving the interior relatively uudeformed. In & broad way, however,
the intensity of metamorphism increases inwari toward the core of the
Adirondacks,

Zoning of mineral deposits

The éistribution of Adirondack deposits of oxides and sulfides
is shown in figure 2. The distribution is asymmetric. perhaps in
part because of the ssymmetric exposure of the pree-Cambrian rocks and
in part becsuse of more fundamental geologic facto.s, MNajor deposits
of ilmenite-magnétite, bearing an qinﬁtie relation to the anorthoe
site, are in or near the core of the Adirondacks, Major deposits of
nontitaniferous magnetite are farther outward, closest in the easteran
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ares, Tarthest in the northwest, A delt of small msgnetite prospects
succeeds the major magnetite deposits in the northwest Adirondscks,
The magnetite depoeits are restricted to areas of granitic rocks
with subordinate belts of metasediments, Beyond the dominantly igneous
neesif 1lie the pyritic sphalerite deposite of the Rdwards-Balmat dise
trict. These deposits are replacements of partly silicated marble
in one of the great tracts of metasediments. Still farther outward
from the Adirondack core is & belt of pyrite-pyrrhotite replacement
deposits in chloritized migmatitic biotiteequarts~feldespar gneiss
of the Grenville series. The pattern of distribution of the various
ore deposits is similar to the sonal arrangement characteristic of many
ﬁthu metalliferous districts where the relation is interpreted as the

effect of decresesing temperature on outward-spreading hypogene ore
carriers, The significance of the pattern was pointed out by Budding=
ton (1939).

In connection with the regional distribution of irom oxides,

zine sulfidee, and iron sulfides, the content of minor metals is also
significant, The magnetite deposits show a relative concentration of
copper in the form of disseminated chaleopyrite (looally, disseminsted
bornite) and rare veins of chalcopyrite. One of these chalcopyrite
veins is known to carry minor values in gold and silver. Sporadic
treces of molybdenite and spbalerite are common in the magnetite deposits,
but galens has not been detested. On the other hand, chalcopyrite
is extremely rare in the pyritic sphalerite deposits, and galena i»
present in small amounts (Brown, 1936, p. 251). Significant amounts
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of copper, lead, and zinc have never been found in the pyrite and
pyrrhotite deposits (Puddington, personal communication).

lotable concentrations of manganese in the form of spessartite
are found in one of the magnetite deposite (Parish), and accessory
amounts of spessartitic almandite are characteristic of one entire
class of magnetite deposit, Manganiferous silicates have long been
known to occur in the Rdwards-Emlmat and Gouverneur districte, but
concentrations of manganese compsrable in extemt to the Parish deposit
are unknown to the writer.

For the purpose of this argument, the eplmagmatic ilmenite-magnetite
deposits are irrelevant. The nontitaniferous magnetite, sphalerite,
and iron sulfide deposits are closely associmted with granite. The
writer, following Buddington and others, believes that the association
is genetic. The depoeits are bodies and veins of replacement origin.
The magnetite deposite were formed at a high temperature, according
to the thesis subsequently developed. The ironerich primary sphalerite
(marmatite) of the #dwards-Balmat zinc deposits, together with other
featurss of the occurrence, suggested to Smyth (1918), Brown (1936a),
and Buddington (1939) that these sulfide deposite belonged to the
hypothermal or possibly mesothermal range., The abundsnce of primary
(and apperently iron-rich) chlorite with the pyrite-pyrrhotite deposits
suggested deposition at Mﬁ lower temperature than that of the
warmstite (Buddington, 1939). The iron sulfides, clearly of replace=
ment origin, have an iron content roughly equivalent to that of many
megnetite deposits of the 5t. Lawrence County district, Some workers
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(Smyth, Buddington, 1939) have thought that the talcetremolite deposits

_of the Gouverneur district represented mineral deposition at still

lower temperatures, dbut this opinion appesrs to require some modifice-

tlon after the work of Engel. ‘
Many detalls of the sonal pattera of the replacement deposite

are $8111 to be worked out, Direct comparison of primery rock altera-

tion necompanying the deposits is not possidle beceuse the host rocks

sre different (Buddingtom 1939). Moreover, the somal position of

pyrite snd pyrrhotite (.mun of lower temperature with respect

to sphalerite) is at odds with the general paragenetic sequénce of sul

ﬂ"dba found in the magnetite deposits: pyrite — pyrrhotite —>sphalerite,

Nevertheless, the areal distribution of the ore deposits is a faet;

the hurproh;tn is debatable.

Gsology of the %, lavrence Geunty mignetite dietriet

 fhe bedrock geology of the St. Lawrence County magnetite dise
AFAe sonth 02084 bo Deths & SPULY Fepreseatisive swpls o2 Aiivoitack
geology. All the major reek types and most of the typleal structures
uy present in the distriet, though the proportions of the various
g&ck types do mot correspond to those of the region &s A whole. Hodt
of the district 1ies in the intermediate sone where granitic rocks
predominate sad metasediments are subordinate (nmu percent),
Towever, to underssand the environsent of the magnetite deposite it
hu\o- desirable to extend geclogic mépplag far enough northwest.
t‘i take in the bordering tract where Greaville rocks predominate, snd
for enough southeast to cover part of the geologleslly hotter interior.
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The quality of bedrock exposures ranges from excellent to hopeless,
depending on the depth of glacial debris and the demsity of the
forest cover, The whole distriet bas been mapped on & seale of
1/62,500, except for detailed work around certaian ore deposits.

Occurrence of the magnetite deposits

The magnetite deposits ocour in marrov belts of metasediments
enclosed by granite or granite gneiss, Within the metasedimentary
belts, magnetite has replaced selected layers of skaran close to alaskite
or nhtjo.l.h. granite gneiss, or it has replaced sheets of microcline
granite gneiss enwrapped by metasediments. One major deposit (Clifton)
has replaced skarn that is part of a thin vedge of metasediments ene
closed by phacoidal granite gmeiss but elosely berdered by younger
hornblende granite gneiss., A minor deposit (Jayville) has replaced
skarn that is enclosed by porphyroclastic hornblende grenite gneiss
of rather uncertain derivation. The restriction of magnetite deposite
to sreas in which granitic rocks and metasediments ere intimately
asscciated was pointed out meny yesrs ago by Newland (1908, pp. 23e24)
and repeated by Buddington (1939, p. 178). Recent work has emphasised
this associstion, In refining cur knowledge of the deposits, it bas
been necessary to reject Newland's concept of the relation of magmetite
%0 .uu- syenite, dut his general interpretation of associstion and
origin remains unchanged. It is especially fitting that this should
be true for one whose work on geologic problems never received a full
netsure of deserving praise during his lifetime.
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itic series

Prineipal rock types

Righty to 85 percent of the bedrock is gramitic igneous or guasie
igneous rock, about 15 percent is metasedinentary or nigmatitie, and the
renaining 5 percent is mostly metagebbro and smphidolite, (loo‘ﬂ‘. 2.)
Anorthosite, diorite, metadisbase, snd dike rocks of basaltic composi-
tiom are found locally, but their aresl exbent is negligidle. 4 few
patches of Potsdam sandetone (late Cambrian) ere present in the northe
western part of the distriet., The proportions of the wmore sbundant
rock types are given in Table 2.

Tadle 2, Areal extent of major rock types, 5t, lavrence
County magnetite distries. /

§

Percent

ulor«uu granite (including some associsted MM) 1)

and equivalent gneise 58
lonum granite, biotite alaskite, and equivalent W7

gnelss

Phacoidal horablende M syenite gneiss and phacoidal 12
" granite gnelss 26
'Pyroxene lnnuo gneiss and pyroxens quarts syenite gneiss 1k

(including local feldspathic and wltramafic facies)

Metagabbro and smphibolite 3
petesediments and nigmetites (Grenville series) 23
- 100

_/ Deta from Buddington snd Leemard (report in preparation)

Descriptions of the major rock types and a few highlights of their
petrology are given below in chromologioal order, starting with the

oldest recks,



Metasediments and migmatites

The metasediments and nigmatites of the Grenville series show the
greatest dvmhw of type and variation within type of any major group
of rodt. The Greanville rocks are confined prineipally to unnl |
belts (see fig. 2), many miles in length, having sn inferred ;mm
structure, Sheete of granitic rocks and some metagabdro are usually
interleaved vith the metasedimentary rocks of these belts, lMost or all
Qfﬁot”duﬁuﬂmﬁm rocks commonly oceour in & given dels,
though certain types are more restricted. In additvion, thinner layers
and lenses of metasedimentary rocke ars included ia the masses of grane
fitic rocks, particularly along the contacts of the principal Grene
ville belts, , .

Most dtﬁkuﬂllo“chlﬂoﬂl developed planar structure
or foliation., This results from compositional layering (variation h
kind or proportion of mineral constituents), from the preferred orientse
tion of platy and elongate minerals, or from a combisation of these
features, In the migmatites, this planmar structure is accentuated
by the presence of thia parallel sesms of pegmatite, ususlly graaitie
but locally syeaitic. The follation in the metasediments and migmatites
generally parallels the contacts of the rock units, On a small seale,
intersecting foliations of the type deserided by Zngel (19549) have
developed locally, but this feature seems Ml’ to be limited to
the northwest border of the area, ’ »

A1l the metasediments have been completely recrystallized, most
of them have been reconstituted, and some of them--notably the lime-



stones~--have been utuo_nucauy replsced., Thms there are no relics

of sedimentary textures. Compositional layering is the only primsry
‘sedimentary festure mvvhhlo. end in A nusber of places the rocks
that show 4% baye Deen 8o deforsed by plastic flov that there is serious
doudt vhether the laniu any longer reflects bouhg. Zven hm,‘
bowever, it appears that certain wm bhave taken upA-u\ of the

local deformation by folding, leaving the others to shear and reorystale
1ise to & minor or moderate extemt, Thus the dispute Detween relict
bPedding and major extension of ult‘c‘ by shearing and solid flow, or
layering by metamorpbic differeatistion, is not se wuch one of yhigh
took place as hov much tock pluce at & particulsr loeality, |

Another feature that may be of sedimentary origin is the repeated
alternstion of layers of biotite quartsite (and diotite gneiss), amphie
bolite, and marble (or ite equivalent, skarn) in rocks from the Silver
Pond magnetite deposis, n.e.r., unniim uho quadrangle, m_lmn
are gemerally 5 to 10 feet thick (loeslly 50 feet thick), and the se-
quence is rq&tdmthuhncbns by one 400-foot drill hole.
The repetition is suggestive of cyclie sedimentation from sandstone
through shale to limestone, but the information availsble from drill
cores ir inadequate %o test this tlfonuo.'.

Sedimentary facles ehnp from graywacke (sodic sbhale?) to illitie
sandstone is suggested by the apparent transition of dlotite-cuartse 5
plagioclase gneiss to blotite-quarts-microcline gramulite in one rock
uait at the Olifton mine, s.e.7., Mussell quadrangle, As the rook unit
18 known largely from drill cores, rather than from underground or wurface
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exporures, it is entirely possidle that the apparent transition is
due instead to deformstion, either by rupture or by folding of twe
d;unu units, |

The lack of relict sedimentary festures for distinguishing “"
and )oﬂn'. of beds means that the metasedimentary “l Mcl?‘c
cannot be used to determine the attitude of beds in folds, whether
t’ﬂm or overturned. This does not imply that one camnot work out
the genernl character of folds from other data, However, the lack of
eriteria for recogniszing tops and bottoms in metasedimentary layers
leaves the M stratigraphic sueccession uncertain. !ho present
distridbution of facies in the gravity-strutified cuarts syenitic
complexes actually seems t0 be a more reliable guide to the attitude
of the larger structures than is suy festure in the metasedimentary
rocks of the district. '

Pyroxenic metasedimente

Metasediments originally of calearecus or dolomitic affinities
are especislly significant becsuse of their close association with
mich of the ore. Such rocks include marble and its metasomatised
esquivelent, skara; various pyroxene gneisses; some "rusty gneise®;
and perhaps some amphidolite,
% one nashie I8 Wbife 4¥ g3y, leeslly Miileh, ind Farely pisk.
Its texture ranges from very fine to very coarse but is commonly
mediun to coarse. Its structure, particulerly when the exposed ares
is small, appears massive, lNost of the marble shows severel percent
of disseminated silicates, chiefly phlogopite and diopside. Quarts,
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potash feldspar, and epldote may also be present. Sulfide especks are
common in some arems; graphite is relatively rare. The silicates

may be disseminated, clot-like, or layered. In sddition, continuous
or disrupted layers of skarn, pyroxene gneiss, amphidolite, or quru‘
ite may beé present. In the main part of the district (Stark and 5
northern Oranberry lake gquadrangles), ocuterops of mardle are extremely
rare, yet dismond drilling at most magnetite deposits has disclosed
layers of marble ranging in thickness from a few inches to tens of
foet, All this marble is caleitie; dolomite is restricted to the
northwest border of the district.

Skarn is sbundant and widely distributed. Because so many of its
features are intimately related to the occurrence of magnetite dodies,
a description is given in the section on the ore deposits,

Pyroxene gneiss is green, gray-green, or green and pink, fine-
to mediume-grained, and well to orudely foliated. Locally it is finely
laminated. It commonly consists of ¢linopyroxene, quarts, and feldspar,
locally with subordinate mica, amphidole, or garmet. Oligoclase is
often the only feldspar, but microcline and untwinned potash feldspar
may also be present, domipmant, or excluding oligoclase., A ltnti
interstitial carbonate is frequently present. The mineralogic compo-
sition ranges from pyroxenic quartsite to pyroxenic amphidolite, yet
pyroxene-quarts-oligoclse gneiss is the dietinot and fundamental typa.
The color of the mafice ranges from light to very dark, indicating a
varisble iron content, Migmatitic varieties are common im places,
‘Pyroxene in the granitic velnings of the migmatites is likely to de
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gorroded, and its place may be taken by amphibole or by aggregates
of amphibole and browa mica,

*Rusty gneiss" and amphibolite are discussed below in more nnn-
priate sectione of this paper.

Blotite gnelss

Blotite gneiss is present as thick wnits in the morthwest part
of the district and is & prominent member of all the other belss of
Grenville. Typically the rock is fine, gray, and well foliated, cone
sisting of diotite, quarts, and plagioclase (usually oligoclase,
occasionnlly andesine or ladradorite, and rarely bytownite). In
places the foliation is poorly developed and the rock almost resembles
8 dark hornfels. 4 little hornblende or pyroxens accompanies the biotite
looslly, glving a rook that is transitionsl to amphibolite, Small
knots of schorl are present in some of the gneiss, Sillimanitie
blotite mhl. occurs loecally im the wall rocks of the magnetite
deposits. Very often the Dlotite gneiss 1s sigmatitic, with vhite
or pinkish pegmatite veins. This migmatitic variety is likely to be
garnetifercus. More or less granitized dlotite gnelss has microcline
or, less frequently, untwinned potash feldspar in the groundmass.

: " Qartsites and quarts~-feldspar gneisses

Quartzites and quarts-feldspar gneisses ("grasulites”) are udiquitous
but quantitatively subordinate mesbers of the Greaville., The main
varieties of quartzite aret white, massive, mediumegrained, slightly
caloareous guartsite with & little disseninated pyroxene; fine,



schistose, thinelayered, miond quarteite or quarts schist found

in certain marble belts; fine, sugary quartsite with scattered purplishe
pink garnet metsorysts. Nagnetite-hearing "gquartsites” that appear

to be of metasomatic origin are present at one of the ore deposits
(Trembley Mountein)., These "quartzites® carry hyperstheme, or garnet
and biotite, in addition to magnetite,

Qnarts-feldspar gneisses or granulites are more frequently ene
countered than quartzites. The quarts content of these gneisses ranges
fm?SMMMtum.mthwo{tbn& |
MMM !hnlh“lmﬂu. gray, mhh. or

ink, generally fine and sugary though locally -ou-puud. with &
planar structure that is rather obscure in hand specimens., Some
polished band specimens shov two or more intersecting foliasions, one
of which possibly represents the trace of bedding., The feldspar is
almost always microcline. The mafic mineral, when present, is commonly
biotite, dut amphibole or pyroxens ocours locslly. The mafic content
seldom reaches 1 percent; two to five percent is & representative
value., The gneisses may fors thigk, homogemeous units, or they may
be intimetely interlayered with thin films, lenticles, snd layers
of other metasediments, Nigmtisation of quarts-feldspar gneissas
seems, if anything, to be less common then migmatizetion of other |
netasediments, Hemoe an origin by granitization of omceepure quartzite
is unlikely. The m may represent reconstituted illitic sand-
stones,

The question arises whether some of these quartsefeldspar gneisses
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ought to be called Jeptites. Leptite is & term used by Fennoscandian
geologiste for certain widespread, very old, fine-grained, generally
felsic rocks which they interpret $o bde metamorphosed "supracrustal®
voleanics. These are the principsal members of the Jleptite forwation,
which also contains metamorphosed limestone, dolomite, skarm, amphi-
bolite, quartzite, biotite gneiss, nnd the like. The leptite formation
is the host for many deposite of iron ore and bdase-metal sulfides. The
leptites range in composition from sedic to potassic. M the leptites
may be completely deformed and recrystallised, some of them shov relict
phenocrysts and other textures suggestive of voleanie origin. In some
less metamorphosed u-u.‘_\-ah-u»n accompany the leptites. The two
classes of evidence have xu to the belief that the leptites are tuffs
snd flows interstratified with normal sedimeatary rocks, the vhole se-
quence baving been metamorphosed and intruded by seversl types of igneous
rocks. Until similar relict textures or volosaic associates can be demon~
strated in the St. Lawrence County district, it seems unwise OQ give the
quarts-feldspar gneisses or granulites a name that now carries a definite
genetic comnotation,

The term "rusty gneiss” has been used by many Adirondack geologists
for fine= to medium-grained felsic gneisses that weather rusty-browa
upon oxidation of the disseminated pyrite or pyrrhotite that they contain.
Mach of the "rusty gneiss® is therefore & variety of the quarts-feldspar :
gneivs descrided above, but some of it is alasikite gneiss, diotite=
quartz-plagiociase gneiss, and amphibolite, ‘

Metagabbro and amphibolite ‘
Dike® Of BOtagabbro cut the metasediments &% seversl places in



the northern part of the “Itrib‘. &nd lenses and sheets of Mﬂ

are present within the metssediments and granitic rocks of a large

part of the district, The granitic rocks intrude and inject the mete-

§8bdbro, mick of which is now amphibelite, The least deformed metagabbre

is & dark, wedium~ to coarse-grained rock with an ophitic etructure.

It consiste principally of andesine (locally, sodic labredorite) and

clinopyroxens, Heconstituted varieties usually bave horabdlende as

well, Ilmenite-magnetite is invariadly present in quantities ranging

from a fev percent of disseminated metallies to local concentrations

of mther pure metallics, including some iren sulfide. A musber of

these concentrations of ilmenite-magnetite have been prospected for

iron ore, with disappoiating results. The known bodies are small and

of no commercial value as sources of magnetite or ilmenite concentrases,
Mach more abundant than recognizable metagabdbre is the rock

termed amphibolite, This is eseentially & hornblende-plagioclase gneiss,

often with some brown mica or clinopyroxens. The reck is dark, speckled,

nediun~-grained, and generally well folisted., A prominent lineation

given by parsllel hormblends orystals is present locally. Varieties

baving wegascopically green horablende, instend of the usual bdlack,

are easily confused with feldspathic or secapolitic pyroxeme skamm,

There is an apparent minerslogic transition from amphidolite to pyroxene-

:hcﬁclou gaeises on the one hand and diotite-plagioclase gneies on

the other. The close association of amphibolite with metasediments

also leads one to suspect that some of the amphibolite is metasedi-~

nentary, yet the svidence in this distriet is never compelling. Somwe



amphidolite is tracesble inte metagabbro, snd the suspicion grows
that muck of the amphibolite of the distriet i» & meta-igneous rock.
Whether or not some of it was originally tuffaceous, 2me cannot u&.

Quarts syehite series

The quarts syenite seriss is & group of older granitic rocks
vhose relation te the magnetite deposits is importent but imdirect,
and structurel rather then genetic. The origin, petrology, and struce
ture of the series have been treated at length by Wn (1939,
1948),

The average compotition of the series is that of a pyroxens quarts
eyenite, & rock approaching granite in composition dut possessing so
many distinctive features that it deserves & name of “q ovn. For cop=
venlence in distinguishing recks of this series from younger sad quite
different grenitic rocks, the name "quarts syenite", given by earlier
Adirondack geologists, has Deen retained, Members of the series show
a wide range in composition resulting from umuuu of A pyroxens
quarts syenitic megma through gravity stratification. Rocke of the quarts
syenite series novw exist as several large complexes, of which the Stark
Muudmcdmmmmu.l“mfauhﬁa_,_
district. These complexes of older granitic rocks appear to have acted
as rigid blocks ormtwmmm.uaom
granitic rocks and belts of metasediments were pressed in the last
stages of major deformation in the area, The difference in degree of
deformation Detween the older quarts syenites and the younger granites
is as outstanding as Shelr differences in composition.
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Other less striking features of the quarts syenites also bear
on the problem of ore deposits in the district. One of these is the ;
very elight development of pegmatites from the quarts syeaitic magma,
A second is the limited extent of mineralisation Iu netasomatism ade
Jacent to the felsic members of the series, 4 mu is the unusual
nenner in whioh irom and titanium have been comsentreted in one mesber
of the series,

The existence of contact metamorphic products between marble
and wembers of the quarts syenite series has long been known. Agar
(1923) studied several of the more important lecalities inm the Northwest
Adirondacks and noted that the metasomatic effects related to the quarts
syenites resulted in & simpler suite of minerals, and one suggestive of
higher teuperature and drier conditions, than that produced by similar
action of younger granites on mardle. It is true, in addition, that the
extent of the metasomatism is generally less, Noreover, no sizeable
replacement deposits of sulfides or megnetite are referable to the
quarts syenite series,

Certainly the quarts syenite magme was capable of concentrating
~ small amouats of iron, fluorine, and water in its most felsic differ-
entiates, This is evidenced by the ferrohastingsite (unpublished
analysis) that constitutes the mafic in the phacoldal granite gnelss
of the Stark complex (originmally s porphyritic granite, in part with
repakivi structure). Loeally, small bodies of dark, iren-rich skarm
have bo.tpuol by the sotion of quarts syemitic sagas on Mlo.
However, the nagme seems never to have been rich enough in irom and
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volatiles at the appropriate stage in its differentiation te yield
extensive bodies of skarn, megnetite, or sulfides.

Perhape & partisl explamation of this eircumstance is givenm by
the manner and position in vhich irem and titanium were mcutato_c
in the guarts syenite magma. Stratigraphically about & third of the
vay upward from the base of the Diasa complex (now a deformed, overe
turned sheet) it & szone of pyroxens syenite gneiss with lenses of shone
kinite gneies and feldspathic nltramafic gneiss (see Buddington, 1948,
pl. 3). The feldspathic ultramafic rock, consisting of small gramulased
feldspar sugen in & matrix -hlyvof hypersthene and ferroaugite (locelly
with sbundant sircon), comtains 20-40 percent mesallice in the form of
ilnenite and magnetite. The feldspathic ultramefic lenses range in
thickaness from mere films to several feet, and their length is commonly
& few feeot to as much a8 several bundred feet. The dark silicates and
oxides concentrated in the shonkinite and feldepathic ultrasafic lenses
represent & manysfold 1M of irom and titanium relative to that
found in other members d’ the quarfs syenite series., The pyroxene
syenite zone carrylng the mafic concentrations is sctually a large
lens whose thickness varies directly with the total thickness of the
Diane complex. Duddington (1939, 1948) has interpreted the evidence
from composition and distridution of the mome to indicate that the
sore mafic portions are rhythaically interlayered crystal sccummlates,
It thue appears that much of the iren, together vtti titanium, wee
precipitated from the differentiating quarts syenite magne at an intere
mediste stage and hence was never available in the late stages vhen any
volatiles that might have apcumulated would have been availabdle for
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~ 4ts mobllization.

The potential economic value of ilmenite, magnetite, and zirconm
from the feldspathic ultramafic lenses will be discussed briefly at
the end of this paper.

Hypersthene metadiabase

Smell, sesttered dikes of fine-grained hypersthene metadiabase
are present in or clowe to members of the gquarts syenite series. The
dikes range in.mum from hypersthene-augite-andesine diabase %o
garnetiferous hypersthene "gramulite" and miceceous amphidolite (BPudding-
tom, 1939, pp. 133<13). Though they out across the structure of thelr
host, they ususlly have an internal secondary folistion parallel to
the foliation of the host reck. At the Clifton mine, the appesrance
of metadiabase dikes signels additiomal complications in the structure
of the ore body. The metadiabase transects wall rocks and the skara
that carries ore. In the latter case, it appears as if metadisdese
cut ore; actually, however, ore has replaced skarn and avoided meta-
diabase, leaving "inherited dikes® in some parts of the ore dody.

Granite and granite gneise series
A series of granitic rocks younger than the quarts syenite series
h thought to be genetically related to the mﬂo deposits of the
uumc. These rocks have bdeen collectively termed "younger Mu"
By Buddington (1939). The term remains useful dus homuudu-
tions; it ia not to be considersd & formation name, The series included
Borublende-nicroperthite grasite, Biotite alaskite, mierecline granite
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gneiss, snd very mimor amounts of sods granite (albite-oligoclase
granite) and porphyritic granite, MNetamorphism has affected these
rocks in varying degrees so that members vhich are massive or
gnelssoid in some areas are gneissic in others. In addition, cone |
tamination with metasediments and amphibolite has modified the funde-
mental types locally. ’

Main types and their occurrence ,

Hornblendeemicroperthite granite forms large masses h the cene
tral part of the district. In places it transects the contacts of
the quartz syeamite series and forms dikes within certain memders of
the series. It mever forms thin sheets or small, arcuste bodies in
the metasediments, The rock is generally pink, mediumegrained, and
slightly to moderately foliated. It consists principally of horne
dlende (femsghestingsite), quarts, microperthite, and plagioclase,
vith accessory magnetite, apatite, and szircon. Locally, a facies
carrying ferrohastingsite has been developed; in part, this facies is
more quartzose than the normal horablende granite,

Alaskite occurs as thin shests and phacolithic masses in the
- metasediments, and as s local border facies of the horablende-micro=
.),chhuo “roof rock" on t'h upper side of the associated mase of horn-
blende-microperthite granite, The alaskite is generally pink, -ou-
to fine-grained, and virtuslly lscking in megascople foliatiom. It
consists principally of gquarts, microperthite, plagioclase, and a
percent or two of biotite. Magnetite, fluorite, and sircon are the
ususl accessory minerals. Fluorite is especially characteristic of
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much of the alaskite. Oenerally it is visible only in thin section;
rarely it is concentrated in wvugs (miarolites?) in the alaskite,

or foras thin coatings with quarts and caleite along joint planes
in the alaskite,

Microcline granite gneiss is & heterogeneous rock forming broad
belts and thin sheets in and along the belts of metasediments and
amphibolite. The microcline granite gneiss is host to one of the two
major types of magnetite deposit in the district. The unmineraliszed
rock 1s generally pink, fineegrained, snd moderately or prominently
foliated, Locally it is sugary in texture and rather weakly foliated.
Earely the rock is pink, uniform, medium-grained, and apparently mas-
sive-es granite without gnelssoid or gnelssic structure,

Une facies of the microcline granite gneiss consists of quarts,
microcline, a little plagioclase, and a mafic mineral that may de
pyroxene, hormblende, or biotite, Some of the biotitic variety is
slightly garnetiferous. Common accessories are iron oxides, apatite,
sphene, and sircon, Thin seams of pegmatite parallel to the foliation
are a ususl feature of the rock. Loecally in the dlotitic wvariety these
pegnatite seans, or their quartz-rich counterpart, are schorl-bearing.
The amounts of gquarts and safic minerals in the rock vary considerabdly.
The varietal mafic mineral is commonly the same as that in the country
rock in which the microcline granite gneiss is found. MNoreover, layers,
lenses, schlieren, and ghost-like remnants of country rock--partly or
considerably modified--are almost ubiquitous in the microcline granite
gneiss, Thus the rock appears in large part to be contaminated or

35



migmatitic, and ite varietal mafics are in 2 sense xenocrysts or modie
fications thereof. |

Another facies of the gneiss has sillimanite as ite characteristic
mineral, A little bdiotite, with or without garnet, may also be present,
Locally, muscovite takes the place of sillimanite, The sillimanite is
concentrated im thin, discontinuous films or in lenticular aggregates
consisting of quarts, sillimsnite, and iron oxides, Locally these
aggregrtes are twisted and contorted. Irregular messes of grayish or
yellowish andesine pegmatite appear sporadically in the rock. The
sillimenitic facies of the microcline granite gneiss is found in cone
Junction with belts of biotite=quartzeplagioclase gneiss, ghostelike
relics of which are vieible locally in the granite gneiss.

The relative age of the mierocline granite gneiss is uncertain.
Screens of metasediments &lvays intervene between it and the hornblende
granite, and the rock is not found adjacent to members of the quarts
syenite series. If some or all of the amphibolite occurring withina
microcline granite gneiss represents metagabbro, the granite gneiss
is younger than metagabbro, for the amphibolite is loeally incorporated
by microcline granite gneiss, A fine, grancblsstic fabric is so typical
of most o_f the gneise that one might, on that basis, assume the rock
to be older than the hornblende granite and alaskite, parts of which
are relatively undeformed, However, the granulose fabric might de ine
terpreted as aplitic and due to repid loess of nmilu. rather than
to deformation. The close association of microcline granite gneiss and
one type of ore Despeaks & genetic relation and mekes it difficuls for
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the writer to believe that the granite gnelss is vastly older than
the apparently undeformed ore.
Sode granite (mlbite-oligoclase granite) is found in subordinate
amounts close to several magnetite deposits in the distriet. The
rock is pink or gray, medium~ to coarse~grained, and weakly foliated
or massive, It coneists essentially of bdiotite, considerable quarts,
albite=oligoclase, and very little potash feldspar., &xcept for the
presence of striated plagioclase, hand specimens of the pink soda granite
look exactly like alaskite, It is remarkable that sods granite, se
common in the Olinton County and Mineville~Port Heary magnetite districts
of New York, the Dover district of New Jersey, and parts of the Cemtral
Swedish district, should bde so rare in the St. Lawrence County district.
A few small bodies of porphyritic biotite granite are found in
the foothills along the western border of the district. This granite
may correspond to the Hermon granite of the lowlands area (Buddington,
1939, 1948; Prucha, 1949).

Origin of the granite and granite gneiss series

Buddington (1948) has considered in detail the problem of origin
of the granite and granite gneiss series, He concludes that the horne
blende-microperthite granite is magmatic and that the alaskite repre-
sents & volatileeenriched portion of the same magme conceantrated in the
upper part of the hornblende-microperthite granite wasses, Loecally this
mobile magmatic material escaped inte the metasediments, giving rise to
thin sheets and phacolithic bodies of alaskite. Many of these are accom=
panied by sureoles of contact metamorphism, The origin of the migroe
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cline granite gneiss is much more complex, Part of the rock repre-
sents a potash-rich differentiate, pegmatitic in composition, charged
vith volatiles and injected as sheets into the metasediments, Much
of it is & mixed rock produced by intimate penetration of the meta-
sediments by this potash-rich material, reaction with metasedimentary
material, and metasomatic replacement of the host rocks, The porphyritic
blotite granite may be & manifestation of similar processes at work
outside the main igneous complex of the Adirondacks, The
rather rare soda granite has resulted from the action of granitic magm
or its emanations on biotite-quartz-plagioclase gneiss,

Certain features of the types of mineralisation associated with
the granitic rocks have already been mentioned and will be discussed
further in the section on ore deposits.

Position of magnetite deposits with respect to younger granites

All the magnetite deposits are close to at lesst one, and genere
ally more than one, facles of the younger granite. Just how close the
relation ie, is Drought out by the figures that follow, Several dee
posits far removed from any considerable area of outcrops have been
omitted from the summary because of inndequate data, Figures for the
rest of the deposits represent "maximun® distances, as no one deposit
is completely known or its envirens completely free of overburden.

Let us sssume for the moment that the biotites and sillimanitee
microcline granite gnelsses are facies of the younger granite series,
Then all the magnetite deposits are within 500 feet of at least one
gacies of the younger granite, The range is 0 to 500 feet. Granite
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gneiss ores are, of course, in the microcline granite gneiss iteelf,
and most of the skarn ores are within 200 or 300 feet of younger granite.

All magnetite deposite are within 0.5 mile of alaskite or its
equivalent gneiss and generally within 0.2 mile. The range is 5 feet
to 0.5 mile.

¥ith two exceptions, all the deposits are vithin 0,5 mile of
hornblende-microperthite granite or its equivalent gneiss, and most
of them are within 0.2«0,3 mile, The exceptions are the Jayville dee
poeit (0.7 mile) and the Fughesville School, or Walker Farm, prospect
(0.9 mile). The range is 200 feet or less to 0.9 mile.

The distance from magnetite deposits to microcline granite gneies
is highly variable., Though 9 deposits are in it and 2 deposits are
within 100 feet of it, 6 are withia 1 mile, 5 are within 1 to & miles,
and 4 are more than 4 miles from it,

Let us now assume that the microcline granite gneiss is not &
facies of the younger m“o. All deposits in, or possibly related
to, microcline granite gneiss are also within 0.4 mile of slaskite
or its equivalent gneiss, and most deposits are within 0.2 mile. The
same deposits are within 0.3 mile (generally within 0.2 mile) of horne
blendesmicroperthite granite or its equivalent gneiss,

Thus we find that most of the magnetite deposits, regardless of
type, are vithin 0,2«0.3 mile of alaskite or hrﬂlﬂb—dcmﬂhuo
granite or their gneissic equivalents, All the deposits, imoluding
those isolated by large areas of overburden, are still vithin a mile
of one of those rock types. In contrast, the distance to microcline
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granite gneiss is highly variable, ranging from 0 to 7.5 miles.

Regional metamorphism

In some degree, metamorphism of regiomal extent has affected all
the pre-Cambrian rocks of the district except the ores and the late
pre=Caubrian disbase dikes. However, this metamorphism has not affected
the vhole area equally. Rather, it has been progressive, leaving
some of the rocks in certaln areas entirely free of metamorphism, where-
at rocks of similar type elsevhere shov intense metamorphism. The
general pattern for the district is the same as that displayed by the
Adirondscks as a vhole, where Buddington (1939, pp. 251-333) has recoge
nized four principal metamorphic sones of reglonal extent. ¥Feacts having
special significance in relation to the problem of mineraliszation are:

1. The rocks of the quarts syenite series are more highly metae
morphosed than rocks of the granite series, even vhere members of the
two series are found side by side,

2. The intensity of metamorphism in the two great series of
granitic rocks does not always incresse in the same geographic direction,
supporting independent structural evidence of at least two distinct

periods of deformation,

9. The magnetite deposits shov no sign of deformation or regional
metanorphism, even where some of the enclosing granitic rocks are
appreciably metamorphosed, This absence of deformation and regiomal
metamorphism in the ore, coupled with the intense metamorphism of gquarts
syenite rocks, effectively rules out the quarts syenitic magme as &
potential sowce of the irom ores., (See also discussion of the quarts
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syenitic rocks, above).

Regional metamorphism in the district bas beea essentially iso~
chemical. It is menifest by chenges in fabric (e.g., gramulstion,
followed by progressive recrystallisation), change in chemical compoe
sition of varietal minerals (e.g., hornblendes inm younger granites),
the sppesrance of new minerals (e.g., garnet in quarts syemitic rocks
and metagabbros), and an increase in the oxidation state of irom present
in the rocke, The above changes are exclusively phenomena of recrystale
1isation and reconstitution. Locally, the effect of replacement is
indicated by a very slight incresse in the total iron content of metemor-
phosed members of the younger granite series, For example, total iren
oxides in analyzed pairs of hormblende granite and equivalent gneiss
are 3,78 percent and 4,60 percent,respectively, indicating an absolute
increase of 1.22 percent of iron oxides (equivalent to 36.1 percent,
relatively). Unmetamorphosed alaskite contains 1.49 percent irom
oxides, wvhereas its equivalent gneiss contains 2.04 percent-ean absolute
increase of 0.55 percent of iron oxides or a relative increase of 36.9
percent., Thus it appears impossible to concentrate iron for the magne-
tite deposits by metamorphism of this character, though it might be
argued that & regional source of iron contributed that element to the
country rocke during metamorphism and by some process concentrated
iron locally to form magnetite deposits. Inasmuch as the ores are
distinctly of postemetamorphic origin, a regional introduction of irenm
seems unlikely to the writer,

Metamorphism will embrace, in the minds of some readers, the
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phenomena of granitisation, developmeant of skaras and ores, aad
zonal distribution of the mineral deposits of the region. Certain
aspects of these prodlems are treated in & subsequent discussion
of the origin of the ores.

Structure

Structural framework

Two great structural trends dominate the western half of the
Adirondsck region., (See Buddingten, 1939, fig. 22, p. 238) These
trends are east-northeast in the southern segment and northeast in the
northwest segment, Folds are overturned northward in the southera
sognent and southeastward in the northwest segment adjacont to the
nassif. The St, Lawrence Jounty magnetite district lies approximstely
at the intersection of the tyo treads, in & "node" of extremely complex
structure, Three rigid anticlinal masses of older guarts syenitic rocks
dominate the structure of the district. (See fig. 1.) Within the
framework of these rigid masses, the metasediments and younger grenmitic
rocks have been squeesed into folds of diverse orientation, and overe
turning in seversl directions has taken place, The resulting knotted
structure has afforded & locus of deposition for the more important
magnetite ore bodies,

Structural elements

Folds
Folds of several orders are outlined by the internal plamar struce
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ture and contacts of the rock units. PFarallelism of foliation, pree-
existing planar structures, and rock contacts is the rule. The
folding has affected both metasedimentary and igneous rocks, except
for the late pre-Uanbrian diabases. In size, the folds range from
pany miles in length and two or three miles in width (Stark anticline
of quarts syemitic rocks) to cremulations a few centimeters long and &
fow millimeters wide (twisted lenses in sillimanite~-microcline granite
gneiss), Only the most rigld units preserve open folds; asymmetry,
overturning, and isoclinal folding are the rule.

The mining geologist ie directly concerned with ore bodies re-
lated to folds of intermediste sise. These are discussed separately
under "structure of the magnetite deposits”. In order to map and
interpret these intermediate structuree, & knowledge of the minor
folds, or "dreg folds", is essential. The minor folds, however, are
of many types, Often consistent among themselves, they do not always
wimic the major structure with vhich they are associated. In type
they say be open warps, rolls, asymmetric “"drags", chevrons, symmetric
isoclines, shear folds, or essentially ptygmatic folds. One of the
fow systematic featurer of the minor folds is their increase in nusber
and complexity in the axial sones and noses of folds. Their axial
trend seems generslly to agree with that of the attendant larger fold, but
the plunges of major and minor folds need not be the same. Noreover,
the axial planes of minor folds may not parallel the axial plane of the
larger fold, or give some clus to the fold's symmetry, The pattera
is further complicated by the inferred existence of at least two
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periods of deformation with forces acting from slightly different
directions,

Lineations

Linesr structures of meny types are found in rocke of the dise
trict, These lineatlons include mineral slongation, mineral streaks
and ridbons, pencils, reds, fluting and grooving, pods and clots,
pegmatitic bralds, intersecting foliations, slickensides, axes of minor
folds, and other features. Lineations commonly occur on foliation
surfaces, but in many plages & lineation deaomes so strongly developed
that no trace of planar structure can be detected. The lineations
may lie in g, b, or some intermediate direction with respect to the
associated fold axes, of which there may de two or more sets. (Thie
stotement is based on detalled surface and underground mapping at the
Clifton mine. In areal geologle mapping of the district, one commonly
finds that lineations are in ) if referred to two separate fold systems,
the axes for one of which may be very roughly in & with respect to the
other,) ¥or this reason, it is utterly fallacious to assume that a
given lineation is in b, parsllel to some fold axis; it is absolutely
easential to work out the pattern of individual lineations before
attempting to infer even the local pattern of fold systems, The
relation of individual ore bodies to lineations is discussed separately.

Vhile several sets of lineations are present in restricted areas
near the ore bodies, Puddington has found that there is slso & bdroader,
regional distridution of the attitudes of lineations. Thus some large
areas char®cteristically have lineations pareallel to the axes of major
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folds, whereas other areas have linestions at a large angle to the
trend of major structural elements. Rigldity of the older rock units-e
such as members of the quarts syeaitic series and, possibly, buried
anorthosite masses-=seems to have been the controlling factor in the
development of areas of "discordant’ _/ lineations,

J/ The writer does not kmow & handy term for lineations at large
angles to the trend of major structural elements, Provisionallye-and
with 1ittle liking-ehe has adopted the term "discorédmat®, ueing "cone
cordant” to demote lineations essentially parallel to major fold axes,

Faults

Faulting is more in evidence in the easteran part of the distrioct
than in the highly mineralised ceatral part. The eastern area has bdeen
subjected to normal faulting salong north and northeast lines, The
known faults renge in length from & few miles poesibly te 15 or 20 miles.
The inferred throw on some of the faults is several thousand feet.
At least one prominent graben has been produced. These normal faulte
cannot be dated within the mapped area, but they may de partly of late
pre=Cambrian age and largely of posteTaconian age. (See summary of
Adirondack geology.) In several places, structural discordance along
east or east-northeast lines suggests the presence of thrust faults,
possibly of great age., A few minor faultes are present in or near the
magnetite deposits, These are discussed separately. There is no
&enetia relation between hm faults and magnetite mineralisation,
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but intense plastic deformation in rocks that now carry ore may have
been a prereguisite for ore deposition,

Eelation of ore deposite %o regiomal structure

The loeation of the district within a node formed roughly st the
intersection of two regional structural trends has already been pointed
out, Inside this node, the principal magnetite deposite are found
in an smbayment between the three major complexes of rigid syenitic
and quarts syenitic rocks. Another group of magnetite deposits flanks
the major anticlines of quarts syenitic rocks constituting parts of the
Stark and Tupper Lake complexes, (See fig. 1.) In general, magnetite
deposites in granite gneliss are concentrated in the structurally most
complex, central part of the district. Magnetite deposits in skarn are
also found here, but many other representatives of this ore type have &
peripheral relation to the anticlinal messes of quart: syenitic rocks.
Additional structural features to vhich the magnetite deposits are
spatially related arei areas shoving "discordsat® lineation--sspecially
the borders of such areas; and the axes of major synclimal folds.

Areas of discordant lineation
All the major deposite of magnetite are (1) on or within & mile
of the borders of areas of discordant limeations, or (2) well withim
the central sone of concordant lineations at plages where lineations
culminate, diverge, or change markedly in irend. With two exceptions, _/

/] These may not be exceptions; the structurel data for the sure
rounding area are inadequate,




the minor deposits are (1) on or within two miles of the borders of
aress of dlscordant 1inestions, or (2) within one of several major
lineation sones-econcordsnt or (iccordante-some distance from their
borders but at places wvhere lineations culwinate, converge, or change
markedly in tread,

It seems highly significant that two other groups of minersl de-
posits bear a similar relation to the boundaries between belts of cone
cordant and discordant lineations. Half of the known msjor deposits
of iron sulfides are on or within two miles of the doundary bLetween
& belt of concordant lineations in Grenville rocks and a belt of dise
cordant lineations in mixed rocks, predominantly igneous., Among the
pyritic sphalerite deposits, the Balmat group and Hystt mine are within
e mile of the same structural boundary noted above; Zdwards is about
three miles from the boundary. All the sphalerite deposits are within
& broad belt of discordsat lineations.

Thus it appears that borders between areas of contrasting lineation,
and sharp lockl variations in attitude of lineation, are significant
structural comtrols for localizing ore deposition. The nature of the
lineation charagteristic of the areseewhether concordant or discordante

does not seem to matter,

Major fold axes
All the magnetite deposits are within & mile, and gemerally withia
some hundreds of feet, of the axes of major synclinal folds; that is,
sypclines recognisable and meppable for distances of 2 to 15 miles. Some
of the synclines are upright, but most of them are sharply overturned,
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The direction of overturaning varies with the position of the fold rele=
tive to the framework of rigid anticlinal elements of syeaitie and
quarts sysnitic rocke. Usually the axial planes of the synclines dip
avay from the nearest mass of quarts syemitic rocks, though a fev exe
ceptions have beea noted,

A muumber of megnetite deposits are found near the intersections of
synclinee with anticlines of markedly different axial trend (Dead
Oreek, Jarvis Bridge Extension, Benson Mines, Griffin Park, Skate Oreek,
Cliftont, Brumner Hilll). JNot only do the axial trends differ; the
attitudes of the axisl planes may differ also: where the syncline is
overturned, the transverse anticline is upright or nearly so. The cone
verse does not seem to hold, The transverse anticlines are, in a sense,
Moarrier anticlines®, as it may be impossidle to race the projected
synclinal axis beyond the transverse anticline. Whether this is due to
some inhereat structural peculiarity, or merely to probjems of mapping
the structures and interpreting them, we do not know,

Other magnetite deposits occur at or near axial culminmations of
esseatially upright synclines (Spruce Mountain Northwest). Still
others 1ie close to the point where synclines change markedly in axial
trend and in attitude of axisl plane (Brandy Brook Northwest, Silver
Pond, Trembley Mountain, Hardwood Mill?). One depoeit (Jarvie Bridge)
that is close to & synclinal axis is also close to an inferred anticlinal
axial depression proéuced by the intersection of an upright anticline
and an mnm‘ anticline, A few minor deposits lie near major ayne
elinal axes that are apparently uninterrupted by culmimations or by



anticlines (Sweet Pond, Walker Farm, White Place). Several promising
deposits are in areas 8o obscured by glacial debris that their loeal
structural setting csnnot be inferred with assurance (Twin lLakes,
Outafit, Pumtbridge Pond).

The magnetite deposite

Types of magnetite dsposit
Two principal types of magnetite deposit are present in the dise
trict: deposits in skarm or merble (conveniently termed "skarn ores®) _/,

_/ The sssociation of skern and marble is so mearly universal,
snd the distridbution of ore in the two rocke is so likely to be erretic
in detail, that the term "skarn ore' is used for ore in marble as well
a8 in the skarn itself, except when specific reference is required.

This conforms to the usage of the term by some Fennoscendian geologiste,

and deposite in microclime granite gneiss (convenlently termed "granite
gneiss ores"). Locally, the host rock of both types of deposit has

been modified in & characteristic way to give two important subtypes,
heresfter termed "modified skarn ores" and "modified granite gneiss
ores”, Magnetite replaces, to some extent and in some places, almost
every kind of metassdimentary rock found in the district. In addition,
it cuts or replaces ’lnounl\ granite gneiss, microcline granite gneiss,
and pegmatite, Bowever, sizeable concentrations of magnetite are found
only in skara, microcline granite gneless, and their wodified equivalents,
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The magnetite deposits are closely related in space, time, and
origin, All of them, regardless of type, are thought to be highe
tempersture replacement deposite effected by emanstions from younger
granite magma., The skarn ores are typieal pyrometasometic deposits
of the kind widely distributed through geologic time but especially
common in the pre-Cambrisn. They are strikingly similar to those of
Central Sweden., The granite gneiss ores, on the other hand, have few
knowa parallels, and thete are restricted to the preeCambrian,

Skara
Because of the close genetic sand spatial relations detween skara
and one major type of magnetite deposit, it seems desiradle to discuss
certain features of the skarn in this section on the ore deposits,
In & Yroad sense, skars is both the host rock and the gangue of the

skarn ores,

Definition and general discussion

Skarn 1s an aggregete of Ca, Mg, Fe (and sometimes Mn) silicates
charscteristically associated wvith certain metasomntic deposits of
iron ore and sulfides., The skarn minerals are principally those of
the pyroxene, garnet, and smphibole groups, though the epidote,
onvuq. humite, scapolite, and mica groups may alsc de represented.
Fluorite is a fregquent and sometimes adundsnt acdessory constituent.
The term skarn is generally restricted to dark or at least distinetly
colored aggregates, though some writers apply it as well to pale or
colorless mmsees of diopside, tremolite, or anthophyllite. Sowme carbonate
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almost invariably accompanies the skarn, as disseminated graine, knote,
lenses, interbeds, or associated layers, This definition of skara 1is
based chiefly on discussions of Zskola (1939, pp. 383=384) and Geljer

and Magnusson (1944, p. 119).
The oxides magnetite and hematite _/, and the common sulfides

_J] Hote, however, that primary hemstite is pot present in skarns
of this district.

pyrrhotite, chalcopyrite, sphalerite, and (rarely) galems are often
part of the "skarn-mineral association", though their presence is by
no means .Qunm for calling & silicate assemblage skarn,

Skarn generally occurs at or near the contacts between limestones
or dolomites and granitic rocks, and the belief is widely held that the
skarn has developed by metasomatism of the carbonate rocks by emanations
from cooling granitic intrusives, HEmanations from intrusives of ale-
kaline, intermediate, or mafic character may salso give rise to skarns,
but these are not discussed in this article.

In adéition, & nmumber of other genetic types of skarn are recog-
nized by some Fennoscandisn geologists., Theee types, all embraced
by the broad designation "reaction skerns", include those resulting
from the metamorphism (snd metamorphic differentiation?) of interlayered
impure calcareous snd siliceous bdeds; "low-temperature skarns' associated
vith the supracrustal leptites; “secondary skarns” formed by additional
netasomatiss of earliereformed "low-temperature skara®; skarns formed
by metamorphic lybridism; and others. (See, for example, Geijer and

51



Magnusson, 1944 Hjelmgvist, 1942; Korjinsky, 19545; Magmusson, 1928,
1930, 19408, 1940b; Mikkols, 1947; and Bsaberg, 1944.) Finslly, ome
might mention the skarns that form part of the "basic fronte” ascribed
to the advance wave of regionsl granitization,

Fecently, some writers have departed widely from accepted usage
and have applied the term to metmsomatically-formed masses riok in
Mg=Ye-Al silicates and comparatively poor im Oa silicates, showing no
genetic relation to carbonate rocks. f(See, for example, du Niets
(1945) == replaced liparites and banded tuffs at Laver, northern
Sweden; and Folmes and Neynolds (1947) == biotite-rich rocks derived
by "regional® metasomatism of quartzite and epidiorite, County Donegal,
Ireland.)

The writer would suggest that the ungualified term gkarp be re-
stricted to the silicate masses having a demomstrable or inferred
genetic connection with limestones or dolomites.

The relation between skarm and tactite deserves comment. Someone
bas facetiously remarked that skarn is what the Fennoscandian geologists
call tactite, However, as the term tactite was origimally applied by
F. L. Bess (1919) to rocks of the innermost part of contact-metamorphic
surecles, it is more accurate to say that tactite is one variety of
skarn, Moreover, as Oeijer and Magnusson (1944, p. 119) bave aptly
noted: "The designation 'contactemetasomatic' is to & certain extent
mislesding /when applied to skarn deposity/, for deposits of tbis kind
may develop even &t & considersble distance from the eruptive mother-

rock." _/ The concept of proximity, with or without actual contact, is
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_/ Translated from the Swedish text by Leonard.

clear in Zskola's discussion of skaras (1939, p. 384). In good truth,
Lindgren (1922, p. 293) was careful to note, in his definition of
pyrometasomatic deposits, that these are found at or pear intrueive
contacts, However, we sometimes tead to overlook the broader defin-
ition and regard the deposits as strictly contact effects.

The strong genersl similarity that uaites all pyrometasommtic
deposits has beendscwmentsd by many geologists, notably Lindgren (1933)
and Enopf (1942). Nevertheless, there are significant differences
even among closely related members of the broad class, and these
differences-eparticularly the chemical ones-eare worthy of future
detalled investigation, ;

Node of occurrence in the district

In the Adirondack region, the occurrence of skara is restricted
to the massif itself, that is, to the once-hotter, perhaps deeper
area now characteriszed by the predominance of igneous rocks such as
granites, quartz syenites, and amorthosites, The vast area of the
Grenville lowlands, underlain by ealeitic and dolomitic marbles,
quartzites, blotiteetuartz~plagioclase gneiss, and subordinate gabdro
sheets and phacolithic granite masses, is deveid of skern, though smsll
wasses of dlopside, tremolite, and other pyrometasomatic minerals have
developed locally, Some marble is present within the massif, dut in
general marble is rather sparse and skara is rather adbundant, The
pyronetasomatic minersls of the Lowlaads are all poor in irom; tremolite
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is common; and garnet is unknown. In contrast, the skarn minersls
vithin the maseif are generally iron-bearing; tremolite is rare;
snd garnet is locally abundant.

¥Within the 5t, lawrence County magnetite district, skara occure
most widely as layers or masses in granite, either alone or associated
with such rocks as pyroxene gneiss, amphibolite, quartz-feldspar granu-
lites, and caleitic marble. (Dolomitic msrble is absent from areas
where skarn is found.) In addition to the sporadic layers or lenses
of caleitic marble, caleite is preseant as knots, disseminations, or
iate (secondary) veinlets in the skarn itself. A common feature of the
thicker skarn layers is the gradation of marble or calcareous diopside
skara through paleegreen and medium-green skarn to a very dark green
or almost black pyroxene skarn that may or may not caontain appreciable
amounts of dark reddish browa garnet rich in the andradite molecule,

The conclusion seeme inescapable that the skarmns of the district
developed from caleitic or dolomitic limestones by progressive introe
duotion of substance, mainly 510, and Fe., The previous nature of the
carbonate rocks, vhether pure or impure, is unknown. Several tenuous
bits of evidence point toward relatively pure carbonate rocks as the
original host, but the argument bullt on these is far from compelling.
It is still more difficuls to determine whether the host rocks were
originally dolomitic or caleitic. The marble now found with skarn is
entirely caleitic. This proves nothing regarding its sntecedents, as
the ealeitic marble might be recrystallized calcitic limestone or the
expectable caleitic residue from the progressive but incomplete meta=
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morphism of mixed Ca-Mg carbonates. Some facts and suggestions beare
ing on the two problems are given below.

Large areas of relatively pure dolomitic and caleitic marbles are
found intheadjacent Grenville Lowlands. Impure types are less abun-
dant, It is reasonabdle to suppose that similar ratios prevailed in
what is aow the Adirondack massif. Many layers of skarn are homogeneous
and almost monomineralic for thicknesses of tens of feet, suggesting
that the host rock was similarly homogeneous. Where the skarn itself
is inhkomogeneous, one usually finds independent evidence that new
material has been iatroduced, not that originally differeat material
has been reconstituted., (See discussion below of garaet skarn, modified
skarn, snd sk8ls.) Isolated skara-like boudine in caleitic marble
seem to represent disrupted beds of impure caleareous material. As
many of these boudins contain considerable guarts and a little feldspar,
in addition to pyroxene, thelir character is similar to that of certain
pyroxene gneisses and very differeant from that of the major skara dodlies,
Had the latter been derived in like manner from what were prodadly
sandy and somevhat argillaceous ctleareous rocks, they too might be
expected to contain quarts, feldspars and micaceous minersls, Yet they
do not (except where the felsics have been introduced subsequently), ‘
either becsuse they never had the appropriste chemical composition or
because they have lost the embarrasesing components by metamorphic
differentiation,

The structural behavior of some highly contorted skarn masses
in the district suggests that of caleitic marbles plastically deformed
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and subseguently metasomatiszed. However, in places wvhere skara is
intimetely involved with what is now partlyesilicated calcitic merble,
the relations between the two rocks are susceptible of two interpre-
tations: the skarn represents metasomatiszed dolomite that was erige
inally more brittle than the ealeitic marble with which it was ssso-
ciated, and was also more favorable to metasomatizing solutions; or some
caleitic marble, converted to skarn, has remained cushioned during
deformation of the more plastic, reliet caleitic marble that partly
surrounds it, MNany more facts &re required before this suggestive
evidence can be correctly interpreted,

The present composition of the skarms throws little light on the
nature of their antecedeant carbonate rocks. Some Fennoscandian geole
ogists interpret tremolitic and diopsidic skarns (Ca-Mg-rich skaras)
ss metesomatized dolomites and ferrosaliteesandradite skarne as meta-
somstized caleitic marble. While this interpretation may have meris
loeally, it is perhaps more dogmtic than the facts often warrant,

All the writer would say regarding the antecedents of the St. lawrence
County skarans is this: Aif dolomite was the source, little or no Mg
bad to be introduced during metascmatism--an economical arrangement
indeed; if caleitic marble was the source, much Mg was introduced

(or re-circulated) and subsequently removed by progressive replacement
with Fe,

Mineralogy of skarns in the do"ut
The component mineralis of the skara may be classified roughly
a® follows:


https://motagomasism.an

Erincipe] skarp minerals

pyroxene
garnet

Shira s T IR R

ssphibole (clino- and orthee)
mics (phlogopite and biotite)
scapolite

fluorite

Aggessory skara minerals (1isted alpbabeticslly)

allanite

apatite

bytownite (and labradorite)

caleite

datolite

epidote

goethite (1)

graphite

helvite (V)

hypersthene (1)

flvaite (7)

monasite (1)

::”": ““”"glunla prominent in *modified skarns®

sphene

spinel

unknowns (several)

sircon
(In sddition, certain minerals of late hydrothermal
origin appear adventitiously in some modified skarn.)

Metallice in the skara

magnetite
vonsenite

pyrrhotite

pyrite

chalcopyrite

molybdenite

sphalerite

loellingite

valleriite (1)

cuprite (1)

hematite (always secondary)
unkaowns



Nomenclature and quantitative limits

The skarn is named for its prineipal mineral or minerals: for
example, pyroxene skarn or garnet skara (when essentially monomineralie);
pyroxene-garnet skara (roughly equal parts of the two minerals);
garnetiferous pyroxene skarn (pyroxene skarn with relatively little
garnet); ete.

Probably Buddington and Leonard have not rigidly observed quan-
titative limits for defining skarn, but ia general they have restricted
the term to rocks consisting of 90-95 percent Ca-Fe-Ng silicstes,
usually somewhat colored. When such minerals form less than that
amount but more than 50-60 percent of the rock, a qualifying term is
used, such as calcareous pyroxene skarn, scapolitic garnet-pyroxene
skarn, feldspathic pyroxeae skara, The writer has used the collective
tern modified skarp for rocks in which felsic minerals (quarts, potash
feldspar, or both--with or without scapelite) constitute 10 to 60
percent of the material, the rest deing ohiefly pyroxene, amphidole,
or both these mafice. When the felsic varieties are distinctly folisted,
they may appropriately be termed gnelsses; for example, pyroxene-quartz-
scapolite gneiss. Mafic aggregates cccurring in quarts or pegmstite
veins have not been termed skarn unless their derivation from skarn
is unquestionsbdly indlcsted by the field relations.

Main varieties of skara
Unmodified skarn
The two principal varieties of skarn (pyroxene skarn and garnet
skarn), snd two less abundant but important varieties (amphidole skarn
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and mioa skols), require description. ZEach of these may be essentially
‘monomineralie, and the pyroxene skara may be transitional iate one or
wore osher varieties, In all varieties except garnet skarn, there
is & progressive change in the compesition of the individual skarn
minerals from Fe-poor to Fe-rich types, with concomitant incrense
ia A1, (74), (Mn), snd--where appropriate-~in K, OH, and ¥, ¥ithin
the district we find garnet-pyroxene skara, mica-pyroxene skarm, and
smphibole-pyroxene skarn, However, we do nt find amphibole-mica skara
(minor exceptions), smphibole-garnet skarn, or garnet-mica skarn,
The replacement relations, parageanetic sequence, and chemical compo-
sition of the constituent skara minerals show that, with sinor
exceptions, all the types have probably developed by progressive
introduction of substance into simple diopsidic skara. However, the
possibility of direct conversion of pure or impure carbonate rocks
to some varieties of skarn cannot always be excluded. The lack of
certain skarn types is a consequence of the chemical composition
of the particular minersl sssemblages and the fequence in which they
developed, 4 fuller treatment of the chemistry of the skarns must
be deferred for separate publication,

A summary of the aversge nineralogy of the varieties of skara
is given in Table 3,



Table 3. Approximate mineralogic composition of skarns, _/

! . Salite and | | Pyroxene~
‘Diopside . ferrosalite Oarnet-pyroxeme | smphibole
Mineral | skara | sgare m...nn_..s_.mn__
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| ’ {30=50% is c.) :
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|
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Caleite (prim.)
Garnet
Quarts
Potash

|
touvpu'l

Plagloclase i
é
i

Magnetite
Sulfides
Graphite
Apatite

ettt

Zircon !
Sphene |
Allanite
Fluorite i

yaknowns

Chlerite
Calcite (see.)

Spinel
Monasite

Teble 3 (contimued)

0 or p.

gen. 03 loe,
Pe

°. Pl loc. w.
aband.

03 r. %1,

anthoph,, .
tr. fhet

b4, loc. 0 but
gen. abund.

03 loec. abund.
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6

Anthophyllite
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loe, tale
n

1.

gen. 03 loc. p.

gen, 03 in

one bi-ant
skl
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SDOT,
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0, or leec.
sbund,

r. tr, helvite
(r)
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-
¥ineral abbrevistions
act - sctinolite
am - amphidele
andr - andradite
antboph - anthophyllite

i - blotite
ai - diopside
fs - ferrosalite

fhet - ferrohastingsite
hd - hornblende
phlog ~ phlogopite
px ~ pyroxene
sal - salite
trem

~ tremolite

Suantitative exoressions

abund,

~ abundant

secess. - sccessory

Ce
ca.
dom,

extr,

=~ Gommon

= ¢irea, sbout
~ dominant

- extremely

= generally

= little

- locally

« sero, absent
= present

- primary

- rare

segondary

- sporedic

- trace

- more or less ubiguitous
- very

- more thea

= less than

- guestionable, uncertain



, Pyroxene skara

Pyroxene skarn is, above all others, the predominant skara of :
the district. It ranges in color from white, yellowish, or very
pale green through medium green to dark green or black, Typleally,
the skarn is a fine~ to mediume-grained, homogeneous, maseive, equie
gronular or inequigramular, crystalloblastic aggregate of subhedral
pyroxene orystals., ZRarely, an extremely faint foliation, sometimes
visidle in hand specimens, is given by alternating sones of finer and
coarser pyroxene, Some specimens of apparently massive skara show
pyroxenes with preferred optical orientation ut no dimensiomal oriem-
tation. In general, however, the skarn appears undeformed. Coarse
skarn is present only near veins of pegmatite or quarts.

The color change in the skara reflects & progressive change in
composition of the pyroxene from diopside (Oaug ghgug gfes i) through
salite to ferrosalite (Omyg gMgzq 87e90,6)e (See Hess, 1949, analyses
35-39, pp, 662-664). The change is effected by sn imerease mainly
of To* 2, ¥e*?, and Al at the expense of 51 and Ng, not merely by the
substitution of Pe*? for Mg*2, Thus the trend is mot directly townrd
hedenbergite, the Ca-Fe end-mesder, but toward & pyroxene high in Fet’
and Al as well as 7¢*2, Owing to the marked pleochroism of the salite
and ferrosalite, clinepyroxenss of this type have frequently been mis-
taken for horablends or acmite, |

In the maguetite-benring part of the district, diopside skarn is

found only in the thicker skarn zones; that is, those gemerally more then

50 feet thick. Ite gradation inte calcitic marble is usually evident
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in the field., Mineralogically, the diopside skarn is the simplest
variety Tound in the district. Characteristic associates of the dlopeide
are phlogopite and primary calcite, the latter as polygonal grains

or interstitial aggregates of polygonal grains, Ore is not known te
ocour in this variety of skarn,

Salite and ferrosalite skarn are the most abundant and widespread
varieties. Thin skarn sones (& few inches to 10 feet thick) are usually
made up of salite or ferrosalite with 'n_tn. or no carbonate, and the
two varieties commonly dominate the thicker skarn sones, where they
may or may not be slightly calcareous. Though either variety may
pase directly into calcitic marble, the change is usually gradational
through diopeidic skarn, However, this transition ie almost always
layer-like; relies of lighter (diopsidic) skara in darker (salitic
or ferrosalitic) skara, or knots of darker skarn in lighter skara,
are extremely rare. Mineralogically, the two varieties are more
complex than diopside skarn (see Table 3), and they are the preferred

host of ore,

Garnet skarn
Garnet skarn appears to form a complete gradationsl series with
ferrosalite skarn, though the end-members are more common than intere
mediate varieties, All the garnet is dark, reddish-brown andradite
(AndrsgOrossphlugPyrySpess) )./ Among skarn minerals of the district

_J Unpublished chemical anslysis by the late Norman Davidson,
U. 8, Geological Survey.




it is unique, for it does not show the customary varistion from &n
Fe-poor toward an Fe-rich type. ./ The sndredite is mesocisted with

_J Yellowish-brown grossularitic skara has been found with salite
skarn in just one place out of scores of garnetiferous skarns in the

district.

ferrosalite (Oayg Mgpg, Feyy~-Tens, 1949, analysis 38, p. 663), vhich
it replaces initislly as mimute vermicular intergrowths, bead-like
strings, veinlets, and networks. This replacement of pyroxene by
garnet is evident ia all but the most garnet-rich variety, where the
two minersls might be interpreted as contemporaneous. Most of the
grrnetiferous skara has & regular or irregular planar structure, renging
from indistinet to rather pronounced, given by alternating layers
richer and poorer in garnet. These dark reddish~-brown and dark green
layers are highly variable ia thickness as well as in garnet-pyroxene
content., The -rttor-toliovooAthnt slight structursl inhomogeneities
in pyroxene skarn were essential for ite subsequent replacement by
garnet, MNoreover, replacement took place only after the pyroxene had
approached or reached ferrosalite in composition. At that stage, some
ferrosalite was converted to andradite by & greatly increased access
of irom in the form of Fe*? lons, mccompanied by increasing Al with
minor Ti and Mn,

A curious festure of some garanet skarn is the presence of ir-
regular, fist-cized aggregates of coarse calcite, locelly studded with
very coarse andradite crystals. Similar aggregates of pure or impure

65



carbonate are seldom observed in other varieties of dark skawrn.
Garnet skarn or garaetepyroxene skara contains local concentra-
tions of sulfides and very rarely has & little magnetite, but it is

never the host for magnetite ore.

Amphibole skara

Amphibole skarn occurs sporadicslly in the district. It is abune
dant in one magnetite deposit (Jayville), where both orthorhombic
and monoclinic amphiboles are present. Elsewvhere, clinoeamphibole skarn
alone has been recognised, and that only in minor amounts. The clinoe
amphiboles range in composition from actinolite through "hornblende"
to ferrohastingsite. However, actinolite is rather rare (occurring
locally in diopeidic skarn), and ferrohastingsite seems predominant,
The anthophyllites at Jayville shov & rather limited range of aluminous,
ferroan types. In consequence of their relatively high iron content,
21l amphiboles except the pale mctinolite are distinetly green, very
dark green, or black. The clino-amphiboles may form nearly equant
grains, readily mistaken for pyroxene, or they may be moderately elon-
gste. The anthophyllites are prismatic but net fidrous. _/

J X-ray studies by J. M. Axelrod confirm the writer's optical
identification of the material as ortho-amphidole,

Clino-smphibole skara, with or without sowme pyroxene, occurs as
knots in calcite or in dark pyroxene skara, as thin layers (millimeters
to feet thick) in or with dark skarn, as small masses, and as thin
selvages between pyroxens skarn and alaskitic (?) granite. Anthophyllite
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skarn forme distinet layers in the dark skarn at Jayville, The fadric
of smphibole skarn may be random, foliated but not lineated, or distincte
1y lineated. 4is & rule, amphibole sikara is coarser than the pyroxenes
in it or assoclated with it. Moreover, where amphibole and pyroxens
occur together, the amphibole is always the younger minersl., Though
some amphibole skara may bave formed directly from carbonate rocks,
most of it is & replacement of earlier-formed pyroxene skaran, Ferro=
salite was converted to ferrohastingsite by addition of Fe*2, ¥e*3, A1,
K, OH, and ¥, It is notevorthy that the only deposit with sbundant
amphibole skarn (Jayville) alse bas abundant fluorite intergrown with
the ferrohastingsite.

Amphibole skarn (both clino- and ortho~) is the host for some
ore at Jayville, and ferrohastingsite is commonly present with ferro-
salite in ore from the Hardwood Mill deposit. ZHlsevhere, magnetite
is rarely found in smphibole skarn. Instead, the rock is likely to
have minor amounts of sulfides,

Mieca skBls

A feature of some skarns is the presence of mica as contorted,
streaky sasses, thick selvages, partings, or thin films in skarn or
magnetite ore. The selvages and partings are analagous to one type
of skél, or shell, often noted by Femnoscandian geologists (e.g.,
Pugge, 1940, p. 16; Eskels, 1914, pp. 226, 259; “uor and Magnusson,
1944, p. 140; Hjelmgvist, 1942; Magnusson, 1940b, p. 185).

SkOls are prominent in three magnetite deposits of the St. Lawrence
County dietriet (Clifton, Jayville, and Outafit), vhere they carry &
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considerable part of the ore. Very minor skbls are present at several
other deposits. All the sk8ls are closely assoclated with ore; mome
has been found in thicker skara zones altogether lacking in evidence
of magnetite mineralization. The skbls sre of two types, light and
dark, corresponding to phlogopite and biotite, their dominant minerals,
Both varieties of skbl are usually present in the major deposits, and
both may be mineralized, but the biotite skols are more sbundant

and more favored by magnetite.

Skble range in thickness from mere films to layers several feet
thick. Some skols = few mm thick, occurring in ore, have their mica
flakes perpendicular to the layering of the ore; and some thicker
skdls have a hit-or-mins (or decussate) fabric. However, the mice
flakes in many skbls are parsllel to the layering of the rook. As
biotite is sometimes the only visible silicate in high grade ore layers
tens of feet thick, one may infer that these ore layers were formerly
very thick sk8ls. _/ The skBls may be distriduted sporadically threugh

J Puddington (personal communication) disagrees. He believes
that the scattersd biotite present in these thick ore layers represents
some mineral {such as pyroxene) left as sporadic relics that were made
over into biotite by the same solutions that deposited magnetite.

The quantity of blotite developed would thus represent only & fraction
of the pyroxene formerly preseént. ‘

a thick zone of skarn and ore (0lifton, Outafit), or they may be best
developed at the borders of the skarn sone (Jayville). At Cliftom



there is some suggestion that skols are best developed on the flat
parts of prominent rolls, dut this is not always the case.
The 1ight skols, like the 1ight skarns, ars simple in minerelogic
composition. (See Teble 3,) Some light skols contain relies of diope
side and cmlcite sad are more or less transitional into phlogopitic
diopside skarn. The phlogopite of the skdls has a silvery appearance,
locally with & pale greenish tinge., BExcept for its associstion,
one might mistake it for muscovite. However it has the composition
of & fluor-phlogopite: |
(OF, 57 0001, o (K, agla og0n, 1) (Nez, ga¥n, ga7e. 167, 03t o)) (845 aghdy 0u)010

_/ Unpublished chemical analysis by &. K. Oslund; Hp0 = 1,21 percent,
¥ = .Sk percent, C1 = 0.11 percent. X-ray study by J. M. Axelrod con=
firms the writer's optical ideatification of the mineral as a mica,

The dark skols are more complex in mineralogic composition, snd
some from Jayville are fluorite-rich. The biotite is green to greenish-
black, flexible but inelastic, and bhas two nearly perpendicular cleavages
that cut the basal cleavage flakes. MNegascopleally, it resembles a
chlorite more than it does a mica, but it has the composition of an

iron-rich biotite:
(08;, guF 1200, 02) (K gglie 10)(Mez oy¥ o PeliePellIal 1oms ()88, poAly 500040

_/ Unpublished chemical snslysis by ®. K. Oslund; Hp0 = 4.00 percent,
¥ = 0.53 percent, C1 = 0,11 percent, X-ray study by J. M. Axelrod confirms
the writer's optical identification of the mineral as a miecs,
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The two types of mica form an essentially continucus series of
skdls whose intermediate members have not been investigated chemically,
Comparison of the two analysed end-members shows that the chenge from
1ight to dark mice requires an incresse in Fe*2, Pe*2, and Al, the same
major ions increasing in the pyroxene and clino-amphibole series,

From their field relations, paragenetic sequence, and close relae
tion to ore, the skfls appesr to have developed "late® in the sequence
of skarn formation. In this respect they agree with certain Fennce
scandian sklls, many of which have been attributed to late hydrothermal
slterstion of skarm. The St. Lawrence County sklls may in part be re-
constituted aluminous sones of the original carbonate rock, but in
large part they probably represent sheared (!) skarn reconstituted
by volaetiles and developed slightly in advance of the magnetite mine

eralisation,

Modified skara
Two main types of modified skera are present in the district.
One is & widely-distributed scapolitic skarn that is essentially bar-
ren, The other, a loeal type charmcteriszed by gquarts and potash feld-
spar in variable preportion, is the host of a very promising ore body.
The writer believes that modified skara represents sarliereformed

skarn partly replaced by quarts, potash feldspar, or secapolite in
variable combination,

Modified skara, generally scapolitic
Modified skarn of this type is found in subordinate gquantity inm
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almost every thick skarn sone of the district, regardless of whether
the zone carries magnetite bodies. The modified skara ocours as w
& fow inches to meny feet thick within derk, uamodified skaran. Loeslly,
it forms discrete thick layers near the major skarn sones, between
younger granite and metasedimentary gneisses. ZXElsewhere it is present
a8 vispy sonee and thin interlayers in pyroxene gneiss or gramulite,
particularly where intense local deformation affects the sequence,
Modified skarn tends to develop at or near contacte detween skarn and
granite or pegmatite, though this association is not universal,

The rock is generally darkegreen to black, speckled, fine- to
mediun-grained, and massive. locally, part or all of a given layer
has a faint to pronounced planar structure, The micro-fabric of the
rock mey be uniformly polygomsl-crystalloblastic or highly irregular,
Ite mineral composition is variable. (See Table 4.) Dark-green
ferrosalite is always present, almost always accompanied by seapolite,
which ranges in composition from e,y to Mey,. Some potash feldspar
generally accompanies the scapolite, and locally this feldspar is the
ouly llght mineral present. The feldspar is untwinned or slightly
shadowy; rarely it displays the grid structure of microcline. (See
discussion of feldspar in mineralogy of granite gneise ores.) A little
primary caleite may or may not be present. Andradite garnet is often
an accessory or major constituent, though it may be altogether lacking.
Sphene is the charmcteristic ncecessory, locally abundsnt. Where the
fadric is non~polygonal, pyroxene is seen to be early; garnet, scapolite,
feldspar, and sphene are later, replacing the pyroxens, part of which
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fable 4. Approximate minerslogic composition of modified skarne. _/

Mineral

Amphivole
Mica

Calecite
Garnet

Quarts

Potash feldspar

Plagioclase
Scapolite

Nagnetite
Sulfides

Graphite
Apatite

Zircon
Sphene

Allanite

Fluorite

Unknowns
Chlorite
Calcite (mec.)
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Table &, (continued)

Generally

scapolitie 2
Mineral slcarn Modified skarm, Trembley Mountain
”M ——— Pe ‘ Pe ‘ —
Zolsite | 22N % b
Epidote tr.=0 oF P. — tr. ST
Pumpellyite . spor. tr, ———— ' Pe Pe

_/ Tor sbbreviations, see fon., Table 3.
_/ M1 are mineralized.




may be altered to blue-green amphidole. Sulfides appear sporadically
in the modified skarn, but magnetite is generally absent. Late al-
teration evidenced by small smounts of quartz, epidote, pumpellyite,
chlorite, and caleite affects the rock locally. The accompanying
unmodified skarn commonly shows little or no trace of this later
alteration,

In the field, the scapolitic muo skarn is readily mistaken
for amphibolite., 7Aven after the skarn-like character is recognised,
one is likely to call the rock feldspathic, rather than scapolitic.
Color is no guide, as both light minerals asy be vhite, gray, yellowish,
or green. The greasy luster of scepolite, when apparent, is dlagnostic,
It is important to recognize these rocks for what they are, as the
scapolitic skarn represents & significant concentration of halides,
not only in the scapolite itself but also in the fluorite and apatite
that are locally abundant in it.

Modified skara with quartz or potash feldspar

Modified skarn with quarts, potash feldspar, and subordinate
scapolite is the prineipal host for ore at the Trembley Mountain mage
netite deposit., Similar rock occurs very sparingly im the wall rocks
of several magnetite deposits of the granite gnelss type, notadly at
Spruce Mountain Forthwest, & deposit ia the same general belt of metae
sediments as Trembley Mountain,

At Trembidey Mountain, dlotite-microcline granite gneiss and
associated metasediments enclose & sone of heterogeneous rocks 120 to
300 feet thick, The szone, wuch of which is mineralised, consists
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of skarn, modified skara, quarts rock, pegmatite, microcline granite
and syenite, sodic syenite, aplite, and metasedimentary gnelsses.
Skarn snd modified skarn constitute 40 to 65 percent of this sone,
with modified skarn predominant, The unmodified skarn consiste of
salitic and ferrosalitic skarn with subordinate calcareous actinolitee
diopside skarn. By a transition that is usually gradusl, the unmodi-
fied skarn loses its homogeneous aspect and becomes & modified rock
containing marts, feldspar, or both minerals, to the extent of 10 to
60 percent. Scapolite is present locally, instesd of quarts and
feldspar.

The modified skarn is almost always composed of dark-green
pyridole and white, gray or pulmu felsics., Light-greea skarn
may show thread-like, ramifying quarts veinlets with "hasy® borders,
but that is the extent of the modification.

Dark skarm, in contrast, becomes veined, flecked, speckled, and
blotched by felsies. Wispy and patchy areas of light minerals sppear.
Occasionally, the felsics are scattered rather evenly throughout the
skarn, dbut typically the modified rock is distinetly heterogeneous,

In many places, a crudely-folisted, migmetitic rock is developed. Some-
times the felelics spread out between adjacent layers, transecting,
Wtu. and displacing the intervening mafics, Replacement sugen
develop. ZRlsewhere, the alternation of light and dark laminse is more
regular and the boundsries sharp. Messes of quarts rock, pegmatite,

and green grenitic rocks--in pcrt contaminsted--are interspersed through~
out the modified skarn, In many places, the modification of the skarn
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has proceeded outward from these layers of felelc rocks. FRowever,
the relation is not universal, for in other places skarn that borders
the felsic rocks is affected slightly, or not at all,

Because the gquarts and feldspar present in medified skarn are so
similar in appearance, it is impracticable, or even impossible, to
~estimate their relative proportion in the field., Wherever the two
are sasily distinguishable, their relations toward the skarn are seen
to be identical. In sddition, it is clear that the quarts-feldspar
ratio in the masees, thin layers, patches, and knots of felsice is
highly variable.

The writer interprets the megascopic evidence as indicating
metasomatic replacement of skara by quarts and feldspar. Regrettably,
| fhe microscopic evidence does not always confirm such sn interprets-
tion, though it by no means denies it. The conflicting evidence is
noted below,

The microfabric of modified skarn is varisdle. Oomsonly, the
rock has an inequigramular or fineegrained snd equigramular texture,

& faint or erude folistion, and polygonal or rounded grains, In cone
trast, other specimens of the rock show coarse, interlocking leaves

of quarts that appear to have replaced pyroxene. Potash feldspar, when
present, say show & similar habit. The quarts and feldspar have shadows.
Both types of migrofabric-epolygonal-crystallodlacstic and "replacement
leaves-ware shown by rocks that look identicel in hand specimen and
megascopically show felsic minerals replacing skarn,

Estimates of the mineral composition of representative specimens
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of modified skara are given in Table 4, nos. 2, 3, 4, One may consider
that the "end-members” have either quarts or feldspar as the sole
felwic, while intermediste members have varying proportions of the tweo,
No attempt is made in Table & to give maximum and minimum values for the
felsics, as the gradational nature of modified skarn has already been
empbasized. Seapolitic siarn, megascopleslly very difficult to recoge
nize, is certainly less sbundant than the quartz-feldspar type but
not infrequent.

dssential minerals of modified skarn are salitic or ferrosalitic
clinopyroxene and a felsic mineral. Plue-green or brown-green amphibole
is an additional essential comstituent in more than half the specimens
studied, and some mineralization of the rock is so characteristic that
nagnetite might well be th essential teo. Some quarts-rich
modified skarn has & little orthopyroxene. The feldspar, where present,
is the untwinned potesh variety, accompanied by & very little altered
plagloclase, Accessories are brown mics, spatite, sircen, allsmite,
sphene, magnetite (where not present as an essential), and sulfides,
Apatite, zireon, allanite, and magnetite are slmost ubiguitoue; the
rest are sporadic. Secondary minerals, alse sporadic, cemprise chlorite,
earbonate, sericite, soisite, and pumpellyite. lLocally, some clino=
pyroxene has been partly converted to secondary amphibole,



Skarn ores

General characteristics

The skarn ores are replacement bodies of magnetite in simrn or
caleitic marble, Most of the ore in msjor deposits of this type is
in the sikarn itself, with subordinete magnetite in warble. Deposits
exclusively in marble appear to be rare and commercislly insignificant.
Magnetite deposits in skarn are generally compact, small to moderste
in size, highly variable in grade, and complex in structure, Often
they contain layers of high=grade ore accompsnied by mediume and lowe
grade ore, but as a clase they are characterised by compacte-rather
than diffuse--mineralisation.

Magnetite is the only ore mineral in the skara depoaits, It u
sccompanied by variable but generally small smounte of sulfides,
chiefly pyrite and pyrrhotite, Details of the metallic minersls end
their paragenetic sequence are discussed separately, The associated
nonemetallics that aske up the gangue are merely the unreplaced minerals
of the skarn and skbls deserided in the preceding section. Among theme
rocks the ore shows a marked preference for pyroxene skara and biotite
#k81. OChloritization is slightly mere common and more extensive in
mineralised skara, but in most places even this alteration is still
extremely mild, Rarely, a bit of stilpnomelane () sccompanies magnetite
in ore-bearing pyroxene skarn. However, the --uor changes attendant
on minerslization have taken place yithin the lattice of the individual
skarn minerals, developing more iron-rich and more aluminous varieties
grom initially simpler members of the species,
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Contacts Detween ore and wall rock are generally sharp. In places,
the skarn for several feet adjoining the main megnetite layer, or
at & distance of several feet below it, may have thin parallel mag-
netite stringers or--very infrequently--a little uniformly disseminated
magnetite, commonly with considerable sulfides, Nevertheless, "assay
walls® are generally lackingt one is in ore or in wall rock, with no
teasing transitions,

Deseription of typleal ore

Three main grades of ore are recognisable, and each has & fairly
dietinet mppearance, High-grade ore (more tham 50 perceat magnetic
Fe) consists of magnetite with scattered grains or very small aggregstes
of green to dark-green pyroxene or white, gray, or yellowish caleite,
Darkegreen mica may be present as fine, scattered flakes or thin, cone
tinuous films. FHarely, very small aggregates or thin layers of darke
green or black amphiboles are seen. The magnetite and impurities are
really aggregates ‘ot roughly equigranular, polygonal grains a few :
millimeters in dlameter, Moreover, much of the megascopically pure
nagnetite has scattered crystals or fine aggregates of the same impuri-~
ties, only the relative propertions being different. Very rarely,
one finds slmost pure magnetite (less than ome percent silicates)
madd up of diversely-oriented polygons of magnetite oneehalf to
three-quarters cm in diameter. The coarse texture is readily visidle
in hand specimens, but the differing orieatation of the grains eam be
seen only after the ore has been sawn or polished,
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Though the individual magnetite grains are polygonal and locally
rather fine, the ore is firm and compact., “Shot ore" of the type
found in some magnetite deposits is rare in this district.

Medium-grade ore (35 to 50 percent magnetic Fe) consiste of
layers rich in magnetite alternating with layers rich in dark pyroxene,
blotite, or--rarely~-amphibole, locally with & 1ittle calecite. The
individual layers are commonly & quarter of an inch to several inches
in thickness, rather poorly defined, and highly varisble within the
limits noted, The layers are crudely tabular but irregular in detail.

Typical specimens of low-grade ore (20 to 35 percent magnetic
Fe) are harder to find. They are similar in character to the mediuse
grade ore, but the wagnetite layers tend to be thimner, more sharply
defined, snd more uniform in thickness., Some specimens with biotite
are remarksbly platy; others show smallescale cremulation.

Obviously, ore as mined may include the three types described
and some barren partings as wvell. Two or more discrete ore layers
separated by barren or weakly-mineralised reck may be considered for
mining purposes as one "ore sone" earrying material of reduced grade,
A point to be noted, however, is the almost complete absence of unie
formly disseminated, relatively unlayered msgnetite giving low-grade
ore or minerslised rock. Locally one finds marble with small, seat-
tered, amoeboid patches of magnetite; but skarn or skbls containing
disseminated magnetite are rare indeed,

Sulfides may or may not accompany any of the ore types Just de-
seribed. Their ococurrence seems entirely sporadie,



Preferred host of ore
For the district as a whole, salitic or ferresalitic pyroxene

skarn is the preferred host of ore. The range in composition of the
pyroxene from ore layers is from Fs;, to h”. but there is & pro-
nounced clustering in the range from "15 to "25‘ The host next prew=
ferred is & mica skol, generally the dark, blotitic variety. The third
host rock appears to be marble, though it may be that ore showing relict
caleite grapules has actually replaced & caleareous pyroxene skarn,
selecting pyroxene in preference to carbonate. (The searcity and small

size of deposits exclusively in marbdle has previously been noted.)
The fourth host is ferrohastingsite skarn, with or without relict ferroe
salite., At a given deposit, the above order may or may not obtain,
At Jayville, for example, mica skdls and amphidole skarn are preferred
above pyroxene skarn, The general regiomal order of preference, howe
ever, is often the one that obtains in an individual thin section.
Here, for example, magnetite replaces pyroxene and miea in preference
to calcite; and pyroxene seems generally preferred above mica or
amphibole,

Some varieties of skarnm are definitely unfavorable hosts for ore.

These include diopsidic skaran, highly ferrosalitic skarn, andradite
skarn, aad scapolitic skarn with pyroxene or pyroxene and garnet., _/

_/ Seapolitic pyroxene skarm serves locally as the host of ore at
the modified skarn deposit of Trembley Mountain,

On the other hand, andradite skarn, and highly ferrosalitic pyroxene
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skara vith ferrohsstingsite, may carry concentrations of sulfides,

Andradite skarn with some ferrosalite locally contains & very
little magnetite., Thin sections of such material show magnetite to de
younger than both pyroxeme and garnet but definitely favoring pyroxene
for replacement, Nowever, no concentrations of magnetite ocour in sndra-
dite skarn. This seeme to bde & rule among pre-Canbriasn skarn deposits
of magnetite. (See, for example, Pugge, 1940, p. 100; Geijer, 19736,
P. 1533 Geijer and Magausson, 1944, pp. 144e145,) A notable exception
familiar to the writer is o_n' Sulpbur Hill deposit, Andover distriect,
New Jersey (Sims snd Leonard, in preparation), vhere magnetite replaces
andradite skara in preference t0 other skara varieties,

Space relations of skara ores

The broader features of the distridution of magaetite deposits
with respect to granite masses and regionsl structure have already been
noted. Let us nov consider some of the space relations of the individual
skarn ore deposits,

The wall rocks immediately enclosing the main ore-bearing skarn
sones fall into twe groups: granitic rocks aad metasedimentary recks,
The granitic rocks include alaskite, microcline granite gneiss, horne
blende or hornblende-pyroxene syenite (a contaminsted facies of hormblende=
wicroperthite granite), medlun~grained hornblende granite gneiss with
local augen structure, phacoidal granite gnelss vith umm
interlayers, and rare sods granite. The metasedimentary rocks include
pyroxene-quarts-feldspar gneies and gramulites (locally with tun;-lﬂlho'
interlayers), and rare biotite-guarts-plagioclmee gneiss. The granitie



rock may form the footwall, the hanging wall, or bdoth walls of the skarm
sone, There is no association of skarn with a particular wall reck,
though the combination slaskite-pyroxeme gneiss is rather common. One
must also keep in mind that all the deposits are within 500 feet of at
least one significant granite mass,

The average thickness of the main ore~-bearing skara zones ranges
from 45 feet to more than 240 feet. The thickness of the main skarn
zone is highly variable at some individual deposits: 12 to more than
200 feet at Clifton (average 100 feet or more), less than § to 150 feet
or more at Jayville (average 75 to 90 feet), 65 to 175 feet at Brandy
Brook (average 120 feet). At other deposits, less well known from drill-
ing, the thickness seems less variable: 40 to 50 feet at Hardwood Mill,
166 to more than 310 feet at Outafit. Some of these deposits have
minor skarn zones in addition to one large one that carries all or most
of the ore, For each deposit a8 & whole, it is safe to ssy that the
nagnetite never picks a thin skarn zone to the exclusion of a thick one.
However, one sometimes finds along & given drilled section that the main
ore in the main sone is lacking or very thin, whereas 2 minor skara sone
in the hanging or footwall continues to carry magnetite, perhaps even
increneing in quantity or grade,

The ore is always thianer than the skara zone that carries it,
but othervise there is no correlation m\n-Aﬁo thickness of the
main skarn sone and the ore it coatalas., The amount of skarn replaced
by "mineable” ore ranges from 8 perceant to 70 perceat. Among the most
promising deposits it is 25 percent or more,
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The distribution of skdls within the skara sones has been diecussed
in the section on "skble”. The distribution of marble requives comment.
Narble layers, partly silicated with pyroxeme, mien, ec,, are found
sporadically within most of the main skern zones snd as layers with
or without skara in minor sones above or below the main skarm sones,
These marble layers range in thickness from a fraction of an inch to
several feet, rarely reaching 40 feet. As previously moted, they often
grade into skarn, They may or may not de partly minerslised. They
have no constant -wm pouuu within skarn sones, and their
distrivution evea in & given deposit is likely to be erratic, due to
flowage of plastic marble or to varying intensity of silication, The
main ore layers bear no constant relatioa to the marble., In contrast,
it has frequeatly been noted for ore deposits in contact-metamorphic

sureoles that the ore lies on the limestone side of the silicate zones.
(e.g., Umpledy, 1916.)

Position of ore within the main skara sone

The ore may be confined to & single layer, locally with ome or
more minor magnetite-bearing sones too thim or teo poor in grade to
constitute ore; or it may be present as two principal layers with sube
ordinate layers of ne economic importance. Coammonly the two layers
differ in grade. The position of the main ore layer or layers within
the skarn is highly variable. If a single layer is presest, it may de
near the top, middle, or base of the main skara sone, If two layers
are present, one is likely to be in the upper half of the skara zone and
on® in the lover half, but the two may be in the middle of the sone,



Locally, $vo layers may coalesce to give ore throughout the skarn M.
leaving & little unmineralised skarn at top and dottom.

The rosition of the ore waries not nly from one édeposit to
another; it may also be highly variable within a givea deposit, The
Clifton ore body, part of which is well kmown from drilling aad stoping,
shows 2 high degree of complexity., Here the position of the ore varies
along the strike and, loecally, dowa the dip of the folded skara zone,

In very general terms, the ore is ususlly in the lower half and rarely
at the top, but it may be anmywhere. Locally, it replsces almost the
whole skara sone, JXAxcept in the area where metadiadase is sbundant,

the main ore layer tends to have the same general stretigraphic posie
tion within the skern slong & given cross section, dut it varies (roughly
serially) from section to section along the ore body. If we view these
crose sections in seguence from northeast to southwest, we find that the
ore moves from thp middle to the lower half of the main skara sone, cone
tinues roughly in the lum' balf for about 800 feet, rises to the middle
of the skarn, and decomes highly erratic where metadiabase has intruded
the skarn sone, Here promineat splits are commonly present in the ore.
For example, a single ore layer near the bottom of the skarn zone at
elevation 800 (second level) may lie im the middle of the zone from
elevation 900 to elevation 950, split into two or more distinet layers
at elevation 970 (below first level), and continue upward vith one or
tvo layers in the upper third of the skara zone and one layer close to
the base, Frequently the pattern is much more complex than this, Yet
throughout the NS \ne contimulty of amy single layer of magaetite,
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even a very thin one, is remarkable. In addition to rising, fmningg
and splitting within the skarn zone, the ore thickeans and thins along
the strike, giving & complicated pattern indeed.

It is clear that the skern ores, though esseatislly conformable
to the outlines of the skarn sone, may show in detail a merkedly trans-
gressive relation yithip the zone to which they are confined. Loecally,
magnetite veinlets cut across the contact between skarn and other rocks.
Nenr the floor of the Clifton pit, between open stopes 9 and 11, magne-
tite veinlets pass from the hanging-well contact of the ore body upward
into an irregular layer of contaminated granite that cuts the skara,
This minor feature is significant in showing that, on a very small scale,
the magnetite locally passes gutside its mormal bounds,

Orade and size of ore dodies

The grade of & number of ore bodies has been determined by drille
ing, but no sdequate ianforamation on reserves is available., Some idea
of the sxpectable size of the deposits is indicated by the length of
their magnetic ancmalies and the thickness of ore in the exploratory
drill holes. This information cam be supplemented by our knowledge
of the Clifton deposit, the only skara magnetite body now being mined.

The inferred length of the most promising mognetite depoeits in
skarn is more than 500 feet to less tham 4,000 feet--generally sbout
1,000 feet to 2,000 feet or lu’. The average thickness of ore ranges
from 30 feet to 65 feet for ore assaylng 30 to 44 percent magnetic Fe.
¥ithin a 40~foot sone of ore assaying 42 percent msgnetic Fe, there may
be several layers of 60~percent ore, some barren partings, and somwe



4o-percent ore. Rlsevhere in the same ore body, a similar thickness of
ore may be essentially uniform in grade. At Outafit, withia the 65-foot
thickness of ore assaying 27.1-30.7 percent magnetic Fe, thers are rare
layers of high-grade ore 2 to 10 feet thick, some layers of mediun-grade
ore 10 to 15 feet thick, some low-grade ore, and & good deal of almost
barren skara (date from leed and Cohen, 1947, and core logs of U. 5, Geoe
logical Survey). The individusl high-grade layers might not be worth sep-
arate extraction, but the thick, heterogensous sone constitutes low-grade
ore of some promise. Locally at Clifton, the ore zone consisted of more
than 50 feet of 50~percent ore. The highest-grade parts of such layers
‘were initially shipped as Jump ore,

Little is known concerning the depth of the ore deposits, for none
of them has bDeen adequately explored. Again, if we look to Cliftoa for
& clue, ve find that the ore there has already beem wholly or partly
stoped through a vertical distance of more than 500 feet, equivaleat to
& "mining height® or "dip-length" of more than 600 feet, The total pro-
duction of comcentrates and subordinate lump ore from thet mine from ite
opening late im 1542 through 1949 was sbout & million tons (estimate by
the writer from figures published by Linney and others).

Besides the most promising deposits considered above, the district
contains a musber of presumably smaller magnetite bodies inferred to
be 500 to 1,000 feet in length. A few of these have beea partly es-
plored by drilling, which shows 5 %0 15 feet of ore generally assaying
40 to 44 perceant magnetic Fe. Finally, the district has a number of
appareatly worthless prospects and magnetic anomalies lese than 500 feet
in length, The Tigures suffice to show the considerable range in sisze
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and grade for skarn ores in the district,
The following table, based on rather scanty data, _/ gives some

J Principslly from Millar, 1947, and Reed and Cohen, 1947,

idea of the charmcter of the crude skarn ores.

Assays (weight percent) for several representative skara ores

Total Fe Hegnetic Fe 2 ) 40z
29.h=59,7 27.1=bk 0.01=0.15  0.11-3.37 0.27-0.31
( generally (generally (generslly

37-46) 30-44) 0.1-0.6)

Chemical character of the ores
The skarn ores of the district are characterized by high ¥e, low Mm,
moderate 510z, low P and Ti, rather low but variadle 5, moderate Ca and
Mg, low K, Ne, and Al (Al is moderate in sk81 ores), sad locally wi,
All the recoverable Fe is in the form of megnetite, _/ A 1ittle soluble,

_/ Hematite, found sporsdically in several skaram deposits, is =
secondary mineral developed by supergeme (!) alteration. See section

on "alteration",

none-msgnetic Fe is ylelded by pyroxenes (Buddington, personsl comsunicas
tion); this Fe is jot recoverable. Iron comtributed by pyrrhotite is
generally negligible; it 'u concentrated magnetically, but the sccompany~-
ing sulfur burns out as the concentrate is sintered, Mn and Ti are
present in the dark silicates ferrosalite, ferrohastingsite, and biotite,
snd perbaps locally in the magnetite lattice itself, Rarely, T™ is
present &s exsolution blades in magnetite,



Several statements concerning the minor constituents, made rather
baldly, are supported by the evidence now at hand., However, to the
writer's knowledge, no thorough chemical, mineralogic, and metalloe
graphic study has been made on suites of ores, concentrates, and gangue,
Until such a study is carried out, certaia statements regarding Ti and

Mn should be accepted with reservation,
Granite gneiss ores

General charagteristics

The grenite gneiss ores are replacement bodies of iron oxides
in microcline granite gneiss and sssociated metasedimentary gneisses,
Both magnetite and hematite are present, accompanied by sporadic and
generally negligidle amounts of sulfides. Until recently, magnetite
was the only recoverable ore mimeral, but with the successful completion
of experimental work at Benson Mines (Webd and Fleek, 1950) hematite
has also become an ore mineral. All the hematite is crystalline, rather
than esrthy, and much of it is primary (in the semse that the sccompany=
ing magnetite is primary). However, martite pseudomorphous after mag-
netite also occurs,

Granite gnelss ores constitute deposits of moderate, large, or very
large sise, uniformly low grade, and remarkable continuity. Though
in detail they show many minor variations, ticy have a broad general
uniformity and consistency that contrast strongly with features of the
skarn ores, In particular, the mineraliszation is diffuse but persistent.
. The mineralised zones are generally coaformable to the contacts between
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lithologic or "stratigraphic® units, but on scales that are extremely
lerge or extremely small they transect these comtacts., Often the mine
eralized zones are not sharply limited; material of ore grade passes
outward through sub-ore iate weakly mimeralised rock. In plsces, one
wall is well defined and the other is an "sssay wall", (At Benson
Mines, for example, the hanging wall is sharp sad the footwall is
gradational, See Tillinghast, 1948, p. 28,)

Introduction of the irom oxides has been accompanied by dleaching
of the host rock, changes in phase or composition of the minerals of
the host, snd introductitm or concemtration of minerals containing Ma,
Ba, P, ¥, end other elements., In places, late hydrothermal alteration
has affected the ores m‘n.u rocks, leaching them and depositing pyrite,
chlorite, apatite, epidote, pumpellyite, and zeclites,

The mineralogy and paragenesis of the metallics and late hydrethermal
ninerals are treated separately. The section lamediately following
deals with general features of the granite gnelss ores,

Description of typieal ore
Typical granite gneiss ore is & foliated rock in which thin layers
rich in iron oxides slternate with thin layers rich in lightecolored
silicstes. The layering is rether crude and irregular but generally
recognizable, Locally it is sharply defined, The layers rich in iren
oxides range from ons-eighth of an inch to an inch or more in thickness,
Often they are one-quarter to one-half inch thick, separated by slightly
thicker or thianer layers rich in silicates, Within the recognizable
layered structure there may be a less obvious netlike distridution of
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magnetite grains and small amcebold patches, blurring and softening the
cutline of the layers, Some dark-gray, highly garnetiferous varieties
sppear homogeneous except for slight variations in the concentration of
garnet. In general, both regularly laminsted and regularly disseminated
types of ore are rare. Locally the metallics m distributed as clots
or gobs, trailed by finer grains, in & very crudely layered pattera.

In some places, the metallics foram distiact eross-cutting veinlets or
irregular networks in the host.

Where magnetite predominates, the metallic is black. Where hems-
tite predominates, the metallic bas a dark bluish cast, Sporadic graine,
small clusters, or veinlets of sulfides may accompany the iron oxides.
Pyrite and pyrrhotite are commonly represented, chalcopyrite is sparee,
molybdenite is infrequent, and boraite is extremely rare,

In addition to the iron oxides and incidental sulfides, one
usually recognizes quartz, feldspar, and one or more of the following:
black biotite, dark-red garnet, colorless, white, or yellowish silli-
manite, and (rather seldom) dark-green pyroxeme. Often the dark silie
cates are clustered with the metallics aad only sparingly preseant in the
felsic layers, The feleics themselves are commonly green, gray, yellow-
ish, or white, but locally distinctly pimkish. In general, bleaching
of the feldspar is more promounced in low-grade ore and less pronounced
or lacking in subeore or weekly mineralized rock. The bleached felde
spar may de glassy in appearance and almost indistinguishadle from quarts.
Moreover, the proportions of guart: and feldspar are highly variable,

Most of the ore is fines or medlumegrained. In places, magnetite
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replaces coarse granite or syenite pegmatite, but commonly (!) there is
less magnetite in thin pegmatite seams than ian the bdody of the granite
gneiss host.

¥hile one may be able to find & hand specimen of typical ore, the
grade of the material is so variable in detail that one usually needs
to see a very large slab, a working face, or a series of drill cores
to know what typical ore looks like, High-grade ore more than a few
inches thick is virtually unknown from the granite gneiss ore deposits,
and medium-grade ore is sparse or rare. The material now mineable
has about 20 to 32 percent Fe and averages close to 25 perceat or slight-
1y less. As previously noted, the ore is transitional through sub-ore
(perhaps 12 to 20 percent Fe) inte veakly minerslised rock. Further
details are given under "grade and sisze of ore bodies",

Magnetite is the dominant irom oxide, almost lavarisbly sccome
panied by & little hematite, Hematite concentrations are so far knowa
only at Benson Mines and the Parish deposit (& modified granite gneiss
ore descridbed below).

Preferred host of ore

In general, granite gneiss ores are confined to the biotitic and
sillinanitic facies of microcline granite gneiss, though locally the
pyroxenic facies serves as the host for part of i» ore in & given dee
posit, As a rule, hematite ore is closely associated with the silli-
manitic facies, though that rock may contain magnetite as well, Ore is
not known to occur inm hornblende-microcline granite gneiss, A deserip-
tion of the several facles of microcline granite gneiss was given in the
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section on rocks of the district. The highly varisble charscter of
the gneiss, and the presence of metasedimentary relics, was pointed
out. Buddington (1948) developed the hypothesis that the microcline
granite gneisses are in large part the result of granitization of metae
sediments and amphibolite.

Subordinste layers of metasedimentary gneisses within, adjacent
to, or neer the mineraliszed sheets of heterogemeous microcline granite
gneiss may also be mineralized with iron oxides, giving a wide variety
of possible host rocks., The metasedimentary gnelsses are principally
biotitic and pyroxenic gneisses somewbat modified by introduced potash
feldspar, However, independent ore bodies exclusively in such gneisses
have not beem found in the district: to be eignificantly minerslised,
the gneisses must de part of & heterogeneous uhﬁoliu granite gneiss
sheet,

Loeally, pyroxene skara or migmatitic pyroxene skurn adjscent to
or near & mineralized granite gnelss sheet may be replaced by & minor
or significant quantity of magnetite, Such skarn is likely to be &
type slightly modified by quartz, potash feldspar, or doth these minere
als. Howvever, & uoé-pcuu mineralization in skurn is the gemeral
rule in the immediate neighborhood of granite gneise ores, Jor example,
ot the Jarvis Eridge deposit layers of pyroxenme skarn in the hanging
and footwalls within 100 feet of the oro-hu-hj granite gneiss sheet
are mamineralized except at Fole B, where migmatitic skara &t the foote
wall of the ore zone carries some magnetite, At the Spruce Mountains
Northwest ore body, & J3=foot layer of migmatitic pyroxene skarn 8 feet
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below ore in Hole 9 is completely barren. Ia Hole S at the same de=
posit, 30 feet of salitic pyroxene skarnm 42 feet above the upper ore
sone oirﬂu sporadic pyrite and chalcopyrite but not magnetite, The
avoidance of skarm by magnetite at granite gneiss ore deposits is bdoth
startling and provocative,

Perhape the following summary will give a clearer picture of the
oceurrence of granite gneiss ores, The ore deposits occcur in sheets
of heterogemeous microcline granite gneiss enclesed in a series of meta-
sediments. They show & marked preference for the biotitie faciee or
the sillimanitic facies of the granite gneiss, both of which may occur
together, with or without garnet, (COrystallime hematite ofter shows &
strong preference for the sillimanitic facies,) Loeally, » pyroxemic
facies may carry part of the ore, Incidental layers and relics of meta~
sedimentary rocks may also serve as the host of ore, but these are
alvays nhrlhlto, The mineralisation has tended to avoid skarm or
its derivatives,

The granite gnelss etheets that carry ore range in thickness from
98 feet to more than 575 feet, Commonly the thicknese is about 100
to 300 feet or less. Yor & given deposit, the thickness may be roughly
constant, but it is usually variadble, The ore-bearing part of the
sheets constitutes 4 to 30 perceat or mere of the total thickness. Ome
or more distinet ore Sones may be recognizabie. In addition to ore
averaging about 25 percent Fe, there is alweyd some weakly mineralised
Pock and sub-ore,

The metasedimentary rocks enclosing the granite gneiss sheets
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include many varieties. However, at several deposite (Jarvis Bridge,
Spruce Mountain, Parish, and perbaps others) the imwediate wall rocks
snd much of the remaining wetasedimentary sequence are dominsntly pyroxeaiec.
(Thin sones of bdiotite gneiss may or may not separate the pyroxeaiec
metasediments from microcline granite gneiss.) Yet the granite goelss
sheets themselves contein reliect layers mostly of blotite gneiss, to-
gether with varietal minerals derived therefrom. It seems clear that
the granite gneiss sheets have been emplaced in blotitic sones enclosed
by pyroxenic rocks. Perhaps this localiszation of the granite gneiss
sheets wvas due to the greater fissility of the biotite gneiss, as well
as to its more favorable chemiocal composition. An alteraative hypothesise=
that the biotite within granite gnelss sheets has resulted ffom the re-
constitution of pyroxenee-is entirely unsupported by field or petro-
graphic evidence,

Scattered thin sheets of mlerocline granite gneiss are present
in the wall rocks that emclose the main sheets. The subsidiary layers
may or may not be sppreciably minerslised., They have no economiec
significance. ;

Locally (at Skate Oreek, for exsmple), the msin microcline
granite gneiss sheets come within a few feet of horadlende-microperthite
granite, Zlsevhere the Mn are as wuch as 0.3 mile from the hormblende
granite or its equivalent gneiss, MNorsover, all the ore deposits in
micrecline grenite gnelss are within 0.4 mile of alaskite or its equivalent
gneiss (generslly vithia 0.2 mile).

The position of ore withia the granite gnelss sheet varies from

95


https://ryroxenam.is

one deposit to another and ususlly varles in any single deposit, The
ore bodies appear to be continuous, not lenticular. In at lemst one
deposit (Jarvis Bridge), the variable position of the ore gives rise
to an undulating ore body within the granite gneiss sheet., In addi-
tion to, or along with, this internsl veriation, the mineralized sone
mey transect the borders of the granite gneiss sheet, (See delow.)
Possidly, undulation and transection of rock contacts are alse charac-
teristic features of the granite gneiss sheets themselves,

Discordant relations

Ore bodies in granite gneiss are in the main concordant, but they
also exhibit loecal discordance. For purposss of prospecting, exploring,
and developing the ore bodies, it 1is well to emphasize the dominant
feature of concordance, Yet from the genetic viewpoint, the loecal dis-
cordance may be highly significant,

Discordsnt relations are apparent in very large or very small
samples of the ore bodies. On samples of intermediate sisze, concordance
is the more impressive feature. Ia some polished sections and small
hand specimens, the ore minerals have a crude plemsr structure that
sakes an angle of 5 to 15° with the sharply-defined foliation of the
host rock. Zlsevhere, the ore minerals have & net-like or meshwork
pattern partly controlled by foliation in the host sad partly imdependent
of that structure. Few drill cores or polished sections show a rigorous
parallelism of the metallics and non-metallices, though the parallelism

"{aproves” as the concentration of ore minerals incresses.
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Some outcrops show veinlets of magnetite, an inch wide and several
inches long, splitting off from rather regular magnetite seams at an
angle of 45° or so. These veinlets transect the planar structure of
the host rock bdefore they peter out or Joim up with other seams parallel
to the dominant foliation.

Undulstion of ore bodier within the enclosing granite gneiss has
already deen mentioned, Ia addition, real or appareat transection of
the contacts of the granite gneiss sheets is a feature of several
magnetite bodles, including Beason ines, Deerlick Rapide, Jarvis Bridge,
Skate Creek, and Spruce Mountain,

At Skate Oreek, the ore~bearing part of the mineralized sone lies
along the contact between blotiteemicrocline granite gneiss (loeally
sillimanitic end garnetifercus) and underlying pyroxenic rocks (ine
cluding pyroxens-microcline grenite gneiss, pyroxeme greiss, and skars),
If, ae it appears, this contact between two recogrnisable and very dif-
ferent rock types is essentielly a contimuous surface, then the oree
bearing part of the zone warps gently back ané forth across the coatact.
At both ends of the 7,000«foot belt, most of the ore is ia pyroxenie
rocks, with subordinate mineralization in the overlying granite gneiss;
but in the middle of the belt, most of the ore is above or straddling
the contact. The weximum "stratigraphic distance® transected by the
ore zone is about 25 feet, However, the horizontal distance over which
the transgression takes plage is 1,300 to 2,500 feet. Thus the sngle
of transection is extremely small-eabout one-half to one degree,

At the Spruce Mountain Northwest ore body, Fole 5 cut ore in
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pyroxene gneiss 75 feet stratigraphically above the usual base of the
granite gneiss unit that cerries the ore. Unless the pyroxene gneiss
represents en isolated lens within the gramite gneiss, the top of the
lowver mineralized zone has cut across 75 feet of host rock in & horizontal
distance of 500 to 600 feet (to adjecent Holes 6 and 7, respectively),
giving an angle of discordance of about 8%, Somevhat similar relations
obtain at Deerlick Rapids (Reed and Cohen, 1947, p. 9) and Jarvis Bridge.

Jobn McKee (1944, personal communication) told the writer that the
ore sone on the east limb of the Benson Mines structure migrates some
feet from one lithologic unit to another over a strike dlstance of
several thousand feet.

All the above examples of large-scale discordsnce can also be
explained by lensing, boudinage, certein types of minor folding, and
other means, Clearly, the discordance is slight (less thas 10°);
discrete, clearly-defined "shear zones" are lacking; and the data on
vhich discordance is based are meager, Neverthelees, the mineralised
sones do shift position within the enclosing host rocks, and they do
give the appearance of transecting the contacts between their customary
host and customary wall rocks. Whether these features are indicative
of obscure but throughegoing zones of deformation, only detalled informee

tion can make clear,

Mineralogy of host rock and gangue
In the initial stages of mineraliszation, the microcline granite

greisses show no significant chenge in mineralogy except for a slight
increase in their quantity of iron oxides. As minerslisation increases
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in intensity, marked changes take place in the concentration, phase,
or composition of minerals previously present, and, locally, new mingrals
make their appearance, The several facies of microcline granite gneiss
have been described earlier, and additional mineralogic information is
found in Buddington (1948).

One of the easily-recognized outward sigas of change is the bleache
ing of the hott rock. FRoughly, this bleaching increases in intensity
as the host rock scquires more irom oxides, but there are many local exe
ceptions. Moreover, blesching of any one of the granitic rocks of the
district may aleo take place where the rocks come against amphibelite,
skara, or limestone. (See for example Prucha, 1949; Cushing, 1910; aad
Laitakerl, 1920,) However, the change of piak potash feldepar to a gray,
green yellowish, or colorless variety seems characteristically related
to mineralization, It is generally effected by the conversion of micro=
cline to an untwinned potash feldspar (eee below), though locally the
microcline itself merely changes color. The dleaching may take place
wvithout any significant change in the mineralogic composition of the
host rock, but changes in mineral contemt are likely to accompany the

bleaching.

Changes in concentration of minerals
The principal siliestes in the host are quarts and potash feldspar.
Their ratio 1s highly variable in ore-bearing rockseepuch more variable
than in the unmineralized equivalent, Generally, doth minerals are
present, but either may be found almost to the complete exclusion of
the other, Plagioclase is rare or absent. VWhen present, it is ueually
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highly sericitized or altered to chlorite and clay minerals, even when
the accompanying potash feldspar is entirely fresh. Possidly some

of the altered "plagioclase” is cordierite (eof. hio. 1935, ». 87),
though this mineral has not been identified by the writer., Seapolite,
generally sltered, is a rare constituent of some ore.

Accompanying the felsic minerals are one or more of the following
varietal minerals: garnet, blotite, esillimsaite, pyroxene, or amphidole.
Garnet, biotite, and sillimenite occur singly or together. Pyroxene
(rather infrequeant) may be accompanied by biotite or a little blue
amphibole, Very smell amounts of dlue amphidole may bde preseat locally
in biotitic rocks that lack garnet and sillimamite; bowever, granite
gneiss ores containing amphibele as the sole variotal minsral are un-
knowa to the writer. Accessory minerals are apatite, allanite, and sircon,
all of which are likely to be radiosctive, as indicated by their accom~
panying haloes im biotite, Sphene is an extremely rare accessory., All
the varietal and accessory minerals noted above are common to the un-
mineralized granite gneise, as well as to ore. Their concentration may
be essentially the same in both rocks, but it is likely to de different.
This applies especially to the accessories., Ia the mineralised granite
gneise, apatite and sircon are slightly more abuadent, and apatite is
concentrated locally to the extent of one perceat or more, Allanite,
rare or entirely lacking in ummineralized granite gneiss, is & common
sccessory in the ores. The reverse is true of sphene,

Phase change in potash feldspar
A phase change in the potash feldspar is perhaps the most striking,
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videspread, and distinctive sccompaniment of mineralisation. In the
initial stage of replacement of microcline granite gneiss by irom

oxifes, the microcline shows charscteristic twinaing (grid structure)

as it does in the unmineralised rock. Where the quantity of iroa

oxides reaches about 10 to 12 perceat, microcline disappenrs. Instesd
we find a clenr, untwinned potash feldspar kiht very rarely shows &
"shadowy" or undulatory extinction and never shows grid structure, This
feldspar would at first glance be called orthoclase, if ia cursory
exsmination 1t were not mistaken for quarts, (Oleavege is often very
difficult to see except in broken graine st the edge of a thia section,
and cloudy slteration is extremely rare.) The feldspar characteristically
has & negative optic axial angle of 35 to 55%-generally 40 to 48°,
Preliminary U-stage study of the cleavages with respect to the optical
indicatrix shows almost witbout doubt that the untvianed potash feldspar
is triclinic, rather thanm monoclinic. The i~ray diffraction powder
pattern is nearest that of amorthoclase, & triclinic K-Na feldspar

(#, N, Axelrod, personal communication, 1950), However, the feldspar
has the composition Orgy oAby aCnp 4./ The writer believes the feldspar

_/ Umpublished chemical analysis by ®. K. Oslund, 1950; Bad = 1.18
‘percent. The anslysed material came from the Parish deposit, & modified
granite gneiss type. The identity of the analysed materisl with feld-
spars in typloal granite gneiss ore at Benson Mines was checked opticelly
by the writer, spectrographically by K. J. Murata, and by X-rey dy J. M.
Axelrod. A single-crystal investigation of the analysed sample is being
undertaiken by Axelrod. "On" of the formula equals celsian,
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may be merely a microcline that has lost its twinaing, dut further

work on this and other feldspars will be necessary before a definite
statement can be made, Certainly the original potash feldspar (microe
eline) of the host has suffersd & change of phase. In sddition, it has
scquired Ba. _/ Work on the relation of these two features is in progress.

_/ The Ba0 content of representative St. Lawrence County granites,
including two varieties of microcline granite gneiss, ranges from 0,02
to 0.10 percent. Comparison of the 3a0 content with modal potash feld-
spar in the rocks indicates that the potash feldspars ia typieal micro-
cline granite gneiss have only ca. 0.1 to 0.15 perceat Ba0, assuming all
Ba0 to be present exclusively in the feldspars,

The change in phase from microcline to untwimned potash feldspar
is not so complete or so regular as was perhaps suggested in the fore-
going accouat. The change does ﬁot alwaye take place abruptly when
the iron oxide content reaches 10 or 12 percent; ia places, some well=
twinned microcline may be retained until the iron oxides reach 15 per-
cent, and some ore has a large proportion of shadowy feldspar grains
with the completely untvinned ones, FTurthermore, some unmineralized
microcline granite gneises hss subordinate shadowy and untwinned potash
feldepar, some weakly-mineralised gueiss (ca. 5 percent magnetite)
has mothing but untvinned feldspar, and one even finds rare specimens
of ore (ea. 20-25 percent magnetite) with well-twinned microcline,
However, these instances are minor exceptions to » remarkabdly general
rale, The transition from mineralised rock with microcline to ore with
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untwinned potash feldspsr is especially well showa in continmuous series
of drill cores from the Spruce Mountain and Parish deposits, Zimmer
(1947b) has described a similar change of microcline to "orthoclase”
in the ore at the Chatesugay magnetite mine, Lyon Mountain, Clinton
County district, Yew York, From this "orthoclasization® he inferred
a temperature incresse during the period of ore deposition. There is
8o such uncertainty regaréding the mature of the St, lLawrence County
feldspar, and indeod the stability relations of potash feldspars as &
group, that the writer does not believe the cbserved phase change is a
reliable indicator of temperature incresase in the St. lLawrence County
ores. One might with squal force argue that the change from micro-
cline to untwianed potash feldspar ies amalogous to the development of
adularia in veia deposite, snd theredy infer 2 decreasing temperature
concomitant with mineralisation,

It is interesting to note that the replacemeant feldspar in ore
deposite in modified host rocks (modified granite gneiss at Parish,
modified skern at Trewbley Moumtain) is this ssme untwinned variety with
& small or moderste optic angle. Most modified skarms, regardless of
their location in the district, have untwinned potash feldspar rather
than microcline, Iin addition, some ammphibolites, pyroxeae gneisses,
and biotite gneisses have untwinned potash feldspar locally, though
their potash feldspar is commonly microcline, Phase differences in
the feldspar of these last three rocks nppnr to be entirely sporadic.
(It 1s worth pointing out that normal pegmstites in the district have
microcline, and so do most quartz-feldspar granulites.)
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Change in corposition of minerals

Some red garnet associated vith granite gneiss ores seems to have
been inherited from netasedimentary garnet-blotite gneiss. Much of
the gurnetiferous ore, however, contains more garnet than one normally
finds in the nmetasedimentary gneiss, Also, some weakly-mineralised
rock consists of thin laminme of the megnetite and cianamon-drown
garnet in an otherwise "clesa" granite gneiss, This brown, spesssaritiec
garnet appears to have been introduced with the megnetite., (See Parish
depoeit.) The relative importance of reconstitution versus replacement
for garnet in much of the ore cannot be assessed, nor has it deen possi-
ble to investigate the composition of a nunber of garnets from typical
ore. However, one garnet from typical "henging-well ore" at Benson
Mines has the composition AlmyjSpesspclrosspaPyrg. _/ An anslysed

/ Unpublished chemical analysis by the late Normea Davidson,
U. 5, OGeological Survey; Ma0 = 11.51 percent,

gernet from gernetebiotite-quartz-plagioclase gneiss of the Grenville
Lovlands hee the composition Alm, oPyr,; (Spess, (Gross, ,Andr; o. iof

_/ Unpublished analysis by X. K. Oslund, 1950; Mn0 = 1,57 perceat.
Analysis from forthcoming report by A, X. J. Engel, U, 5. Geological
Survey.

Relative to almaandite from the um-u-dn-q gneiss, the Benson garnet
shows a notable increase in Ma. (Garnet-diotite-quartz-plagioclase
gneiss from the massif is very similar in bulk chemical composition teo
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corresponding rock in the Lovlaade; so it sosms likely that the analysed
almsndite is representative of alaandite in metasedimentary diotite
gneiss layers near the magnetite deposits.) Vastly more Ma hss baen
introduced directly as spessartite at the Parish deposit.

Biotites from the granite gneiss ores have an yet baen analysed.
They sppear to be rather uniform in composition, whereas diotites from
metasedimentary diotite gnelss are highly varisble (conclusion based on
optical data, chiefly determination of lﬂ). If the diotite in granite
gneise ores has been largely inherited from metasedimentary tiotite
gnelisees, as field evidence suggests, some process has bdrought the
formerly varisble biotite to & relatively uniform composition.

Iatroduction of new minerals

Locslly the granite gneiss cres contain distinctive Mury
minerals which are unknown in the umnineralized microcline grsaite
gneiss or so moodhcl: rare therein that they may be regarded as "nev"
minerals in the ores, These Sccessories are green spinel, goethite (1),
fluorite, barite, monazite (1), and zoisite. They are not sll found in
every specimem of ore, but ususlly several of them are present as traces
. or as graias totalling » few tenthe of one percent, The spinel is
darkegreen pleonsste or possibly hercysite. It usually occurs as ire
regulsar gremules withis or atteched to the edge of magnetite grains and
aggregates. JKarely, & free grain ls preseat ia the silicate groundmass,
Goethite (1) forms small yellowish-brown prisms and reticulate aggre~
gates of prisms ia irom oxides or, less commonly, in blotite, Ia places
the prisas are dark reddish browa, probably owing to admixed lepidocrocite
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and "limonite”. Ooethite (7), as well as spinel, often appears to be
an exsolution product of the irom oxides, and there is no indication
that the goethite (1) is supergeme. Fluorite sad barite ocour as
scattered granules or minute patches, MNonazite () is a disseminated
accessory accompanyiug sircom. Zoisite~-rather rere~oforme prisms
in some magnetite grains,

In addition, the granite gneiss ores oftea show inclpieat or ex-
tensive slteration to late hydrothermal minerals, separately deseribed,

Chemical character of the ore

Chemically, the granite gneiss ores are moderately hfgh in Fe,
snd high in 810,, K, and Al. They contain = small dut mppreciadle
quantity of Mn, 7i, and Ba, They are gemerally low in § aad P, though
these elements are concentrated locally. The iron oxides that they
carry have & higher oxidation state than irom oxides ia skarn ores, for
the granite gneise ores iavariasbly comtain some hematite. Mangsnese is
contributed by spessartitic almandite. Titanium is present as sparee
exsolution blades of ilmenite im the iron oxides, and locally ia solid
tolution in primery hemstite., Barium is found in the potash feldspar
aad in qmuu grains of barite,

Grade and size of ore bodies
The known deposits in granite gneiss are moderate to very lurge in
eize., The Penson Mines deposit is one of the largest single magnetite
deposits in the world. It is the ouly one of its kind now being vorked
n the dlstrict. Several promising deposits of similer type have been
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explored by a few shallow drill holes to an average depth of only 200
to 400 feet. The grade of these deposits is essentially the same as
that of Penson, but the inferred sise of the bodies ie considerably
smaller. The lack of deep drilling on these newly found deposite is
a serious handicap to their evaluation. Their contimuity and relative
uniformity of grade, together with the persistence nd depth of mined
ore bodies of similar type, give them & poteatisl value such greater
than » few scattered drill holes osn suggest.

The mein ore body at Beason Mines _/ is about two miles loag and

-/ The Jones snd Laughlin geologic staff has done very detailed
magnetic and geologic work on the Benson Mines deposit, paying special
attention to the correlation of magnetic and geologic informetion.

For that reason, the Geological Survey has done only enough moiuu-
sance work on “’. deposit to get & "modding uqu'ﬁ“.u' with some

of the geologic problems, It is hoped that the company memoir will
soon be published. |

80 to 40C feet wide, mecording to Tilliaghast (1948, p, 28, _/ The

_J vebb and Fleck (1950) give the width as 400 to 1,400 feet.

ore reserve within th® open~pit area is about 65,000,000 tons of magne-

tite ore and 38,000,000 tons of hematite ore, seuivalent respectively

to 22,000,000 tons of magnetite concentrates and 12,000,000 tons of

iron oxide comcentrates. Heserves of ore for potential underground

development have not been thoroughly explored; they may de very large

(T4llinghast, 1948), If-eor when--iron-bearing material with a con-~
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centrating ratio of 5, 5, or 6 to 1 becomes of economic interest,

the reserves within the Benson deposit alone would be increased many

times (Webdd and Tleck, 1950, p. 448). '
Webd and Fleck (1950, p. 447) give the following typical amalyses

of crude magnetite ore and concentrate;

Soluble Magmesie P 5. Ti0. Ma 810
e _/ Fe 2 2
Orude ore 26.75 26,00  0.192 0.48 0.68 0.25 40.80
Concentrate 63.75 62.5%  0.025 0,21 0.77 0.25 5.66

_J A1l figures are in weight percent.

These are not necessarily "paired anslyses" carried out on equivalent
ore and conceatrate, They show very clearly the presence of 2 to 3
percent of soluble but nonmsgnetic Fe that is a common festure of all
the granite gneiss ores. ¥From our kmowledge of other deposits of similar
type, we may infer that part of the soluble nonmagnetic Fe is in primary
erystalline hematite and part in martite.

Analyses of Benson hematite ore (with some associsted wagnetite?)
are not availadle., Webd and Fleck (1950, p. 447) state that the cone
centrate to be obtained from such ore will De higher in P and Ti0,,
and somewhat lower in Fe, than the magnetite concentrate now produced.

Several promising new deposits were investigated briefly by the
U, 8, Bureau of Mines during World War II (Millar, 1947; Heed and
Cohen, 1947), These deposits contain magnetite bodies 3,500 to 7,000
feot long with average thicknesses of 20, 30, and perhaps 50 feet of
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ore averaging 24-25 percent magnetic Te, Some of the bodies alse have
substantial thicknesses of sub-ore and mineralised rock., Magnetite ore -
from all the deposits carries several percent of soluble nonmagnetic

Fe in the form of primary crystalline hematite and martite. No in-
dependent bodies of hematite ore were found with the magnetite,

It is worth noting that a magnetite deposit of similar type in
granite gneiss at Lyon Mountalin, Clintoa County, New York, is several
thousand feet long at the surface, has an average mineable thickness
of about 15 feet of ore averaging 25 percent Fe, and is nov being mined
more then 2,000 feet below ite outerop (¥W. J. Limney, 1943).

Magnetite deposits in modified rocks

Magnetite deposits im modified skarm and in modified granite
gneiss are intimately associated with aress of microcline granite gmeiss,
Indeed, the procees by which the funmdsmental types of host rock were
modified represents sn extension (or possidbly a remewal) of the same
process that yielded the microcline granite gneiss itself, This process
hes been likened by Buddington (1948) to the development of a "pegmatitie®
residual msgme that intruded and substantially replaced the country mck,
Modification of skara and microcline gramite gneiss took place before
the introduction of megnetite and involved additions of quarts, potash
feldspar, fluorite, barite, and local spatite. Scapolite developed
locally in modified skarn. Its absence from modified granite gneiss may
be explained in part by the relative scarcity of carbonate rocks at the
site of intense modification, Large amounts of Ma in the form of spessartite
wore introduced into the modified granite gneiss, Iquivalent Mn-rich
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minerals have not yet been identified in the modified skarn. Late hydro-
thermal alteration affected the modified host rocks and thelr minersl
deposits more strongly tham it affected either of the unmodified types,

Magnetite deposits in modified skara

General characteristics

The Trembley Mountain deposits bridge the gap between ores in skara
snd those in granite gneiss. Essentially, they are skarn deposits
modified by the introduction of quartz, potash feldspar, and subordinate
scapolite before the onset of magnetite minmeraliszation. Ia addition to
extensive EeAl-Si metasomatism, there has been local introduction of
considerable Ba, 7, and B in the form of barite, fluorite and apatite,
a8 well as widespread introduction (7) of small quantities of rare
earthe in the form of sbundant accessory allanite., Leaching and develop-
ment of late mm»nn minerals are a conspicuous feature of the ares.
The resulting complex deposits show evideance for the intensification of
several processes that were already appsrent in the simpler skarn and
grenite gnelss types, Structurally, the deposits have the intricate
pattern of some skarn deposite, but the grade and habit of thelr ore

are very similar to those of deposits in granite gneiss.

Some geologic features of the Trewbley Mountain ares
The Trembley Mountaim area, north-central rectangle, Oremberry
Leke quadrangle, contains two belts of magnetic Snomallies underlain by
metasediments and magnetite deposits, A sheet of contaminated micro=
cline syenite gneiss (and granite?), estimated to be 150-200 feet thick,
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separstes the two belts; and rock of similar type appears to wrap around
the north end of the area., The folded complex of metasediments and
“granitic® sheets is effectively enclosed by horablendeemicroperthite
granite, Alasikite comes against the northwest part of the ares,

Rocks of the northera belt consist of a 40 to 50-foot zone of
silicated marble and pyroxene skarn uaderlain by dlotite gneiss, Sheets
of contaminated microcline granite gneies and syemite are also present,
along vith suberdinate amphidolite. Ore is restricted to a 15- to 20-
foot layer to siliosted mardle occurring at the top of the zone of cale
caresous rocks, just bemesth blotite-microcline granite gneiss and
granitized blotite gneiss,

Rocks of the sovthern belt are predominantly highly modified
pyroxene skara, most of it mineralised., The thicker zones of bDettere
grade ore are usually close to the hanging wall of the skara unit.
"Quartg-rock" is ubiquitous and locelly sbundaat, Layers of laminated
pyroxene gneiss and very thin biotitic zones are preseat locelly. The
maximum thickness of the zone of modified skara is estimated to de sbout
300 feet, though in places the sone thins to about 120 feet,

Structurally, the ares is an isoclinal syncline--poseibly compound-e
pluaging southeastward. Many minor isoclinal folde are present, causing
rapid variation in the thickness of the modified skarn zone and the ore
it contains,

The modified skarn, described in a separats section, bas been in-
terpreted &s a pyroxene skara partly replaced by felsic minerals, The
“quarts rock" may have had & similar metasomstic origin. "Quarts rock"
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ie & glassy, gray to colorless, geserally mediumegrained, locally
foliated rock consistiag of quarts (80-90 percent) with accessory dark
minersls, metallics, and sporadic uatwinned potash feldspar (slso glassy
in appearance). In places, guarts rock ie the host of ore, but more
often it is present as thin, weakly-mineralized or barrem layers in
modified skarn. The rock cannot be described in detail in this work,
but the mein features of its ocourrence will be pointed out. Quarts
rock is limited to the sone of wodified skarm where it apparently occurs
ss discontinuous layers of variable thickness (generally & few inches

to & few feet; maximum of 27 feet). Drill cores shov that guarts rock
grades into modified skara, often through a quartz-feldspar or feldspere
rich zonme., FElsevhere, nearly "pure® skara adjaceat to quarts rock has
thin layers or fine, wispy replacement areas of glassy quartz, At and
near the contact, the quartz rock may show xemccrysts of pyroxene dee
rived from skarn. Oradation, rather than sharp transition, is indicated
by the study of thin seg¢tions! wmodified skara adjacent to qusrts rock
may contain 40«50 percent quartz, The quarts rock itself always cone
taine disseminated magnetite or pyrite (less oftem, pyrrhotite). Where
it is enclosed by modified skarn, it is pyroxeamic, carryiag ferrosalite
nnd local hypersthene; where it is intimstely imvolved with remaante

of garnet-biotite gnelss, it contains garnet and diotite., The micro=
fabric is highly imequigramular sad gemerally shows a stroag foliation,
Ia part, the rock sppesrs to have been deformed and recrystallised; in
part, its component minerale appear to have crystallised late, replacing
or recrystallizing pyroxene from skara,
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Jertain thin layers of guartz rock differ from the rest ia haviag
a fineegramulose texture and a regular, fine-scale lamination. These
asre interpreted as meta-quartzites. Locally the coarser type of quarts
rock asccompanies them, and the micro~-fabric of the two types is similar,
¥Why not, them, interpret all the quart® rock as metamorphosed quartzite?

First, because of the secientificelly indefensible but geologically
reasonable criterion that they do not Jook like metacuartzites-eat
least not like any other quartzites found in the it. Lawrence County
district. Second, because the writer has been unable, with one escep-
tion, to correlate sones of quartz rock from drill hole to drill hole,
Third, becsuse the quarts rock is confined to the sone of modified skarn;
it is entirely abesen’ from the enclosing rocks, which include some
metassdimentary gneisses, Fourth, Decause the coatact relations betweea
skarn and quartz rock oftem resemble those between skara and granite
pegmatite or demonstrable vein quarts. Pifth, becauss the quarts rock
sppesrs, ia places, to grads into skarm by replacement. Sixth, becsuse
the quartz rock is comparable in Ml occurrence to iniroh«l quarts
present in the Parish magnetite deposit (q.v.).

Prom this interpretation of the available evidence, the writer
concludes that much of the Trembley Mountain quarts rock has been in-
troduced as & rather irregular replacemeat of skarn, The physieal
differences between skarn and thin layers of sedimentary quartzite or
garnet-biotite gneiss may have localised some of the replacement, The
quartz rock lacks the sharply-walled habit of quarts veins, and it seems
doubtful that emplecement of the quarts was localiszed by fractures or

113


https://mitaquartsites.at

sccompanied by dilation of the host rock, HNuch or all of the guarts
may have been comtributed by the desilication of the surrounding mitree
cline syenite gneiss, which is inferred to have been formerly & nicro-
eline granite gneiss with normal quarts content,

Metasomatic quartz-rich rocke very simiiar ia occurrence to those
at Trembley Mountsin have been described from the Orijirvi region, Fime
land, by Eskola (1914, p. 209, pp. 256-257); from the Falun district,
Sveden, by Gedjer (1917, pp. 303-308); and from Attu, southwest Fimland,
by Pehrman (1931). Somewhst analogous rocks are perhaps represented
by one phase of "Pochuck granite" closely associated with magnetite
bodies in southeastern New York (Colomy, 1923, pp. '52-53).

Description and omo of ore

Typieal low-grade ore consists of disseminated grains, smoeboid
blotches, and irregular layers of magnetite in a silicate groundmass,
In ore of htnnd»o grade, magnetite forms coalescing layers and
veinlets that in part conferm to the colorebanding (foliation) of the
modified skarz, but im part transect and replase the folistion. Loeally,
magnetite serves as & matrix for angular remmants of coarse feldspar
crystals, In a few places, the magnetite itself shows a linestion in-
herited from the elongate amphibole of the host roock, Ia all ite
sspects, the ore exhibits features outourui attriduted to metasomatic
replacement.

Magnetite mineralization has affected, in some plsces, every rock
type in the area, vith the possible sxception of horablende-microperthite
granite, aplite, certain pyroxene and hormblende gneisses, and dlopside
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skarn,  Accessory magnetite is present in these four rock types as 'wﬂ,
but here it may be syageretic. Fowever, not all rocks within the zome =~
of modified skarn have beenequally susceptible to replacement by magne- ’
tite. The prefersnce for skarn and modified skarn-esepecislly the lattere-
is striking. These tve rock types contain almost 70 percent of the
“mineralisation”, amd almost B0 percent of the ore, Modified skarn
alone contalns more tham 60 percent of all the "minerslization® and has
about 70 percent of the ore., Quarts rock coatasins relatively little ore
but has 2 high proportion of sub~ore. A little ore is found in cuartse
feldepar rock (aggregate of quartz and untwinmed potash feldspar) and
contaminated granite gnelss and syenite gneise (both of which now have
untwinned potash feldspar instead of microcline).

Vhen the modified skarn is so comsplcuocusly preferred as s host
vock, it is surprising to find $hat within this host the dark winerais-=
pyroxene and amphibole-eare preferentially replaced in advance of the
attack on felsic minerals, Accessory apatite and allanite {n modified
skarn are concentrated loeally to the extemt of one perceant apiece.
In the northern deposit, the host of ore is & pyroxene skara that has
been extensively replaced by barite and, locally, by fluorite. Ia
some places, more than balf the gangue is darite, The rock shows
slight local modificetion by quarts and feldspar, which aatedate the barite
and fluorite but preceds lste hydrothermsl alterstion. Ore from one
emall "pocket” of magnetite occurs in a bilotite-quarts schist that was
extensively replaced by barite before the inmtroduction of megnetite and
nundu. No manganese minerals have been ideatified in any of the ore.
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The overall grade of ore is low, averaging close to 25 percenmt
negnetic Fe, Sulfides are sporadic. Several perceat of chalcopyrite
is present in the northern deposit; elsevhere, the nineral is in-
significant in quantity. Much of the magnetite shows exsolution blades
of ilmenite, but the average Ti0; content of the ore is comparable to
that of typical granite gnelss ores, The writer has not found anmy
pignificant quantity of hematite in the ore. It scems likely that
the 2 or 3 percent of soluble nommagnetic ¥Ye shown in the assays has
come from pyroxene and is not recoversble. (Zuddingten, personal
communication, 1951, has found that pyroxene in hematite~free wromo-
microcline granite gneiss from the district is selectively attacked
by HCL to yield an assay for soluble moamagnetic Fe,) ‘

The ore cut in 9 drill holes ranges in thickness from 7 feet to
135 feet. A sudstantial pert of the zone is 2€ feet thick, but at the
southern deposit an ares of unkmown size is underlaim by a very thieck
body of ore, The thicker soneos of hetter-grade ore in the ares are
ususlly close to the hanging wall, though in places they are grouped
in the middle of the modified skarn sons, found near the base, or (st
the south end) distributed more or less throughous,

Magnetite depcait in godified granite gneies

Gemeral characteristics
The Parish deposit closely approsches a hypothermal vein in many
of its features, yet it 1s clearly transitional into the normal granite
gneise type of deposit, lll.pouto. loeally with much crystalline hematite,
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has replaced a sheet of microcline granite gneiss that has been ex-
tensively modified by the introduction of quartz, untwimmed potash
feldspar, spessartite, fluorite, and barite. The ore body is more
compact and more sharply defined than other deposits in granite gneiss,
The coarse and irregular texture of the introduced material, its ir-
regular distribution, the -uorﬂ. assemblage present as gangue, the
nature of the sccompanying sparse sulfides, the assoclated loesl altera-
tion of wall rocks to chlorite, sericite, and clay minerals, and the
conspicuous local leaching sand seolitization: all these are strongly
reminiscent of the mineraliszation that yields hypothermal replacesent
veins., At the Parish deposit, this process included » thorough XK-Al-Si
metasomatism followed by the introduction of large quantities of Te,

¥n, and 7, ssaller quantities of Da, S, OH, snd 00y, and ninor quentities
of Cu and traces of Za, The pattera is the same as that found in all
the granite gneiss deposits, but here the effects of the mineralisation
process are much more intense. Except for the difference in ore minerals
concentrated, the Parish magnetite-hematite deposit has a remarksble
similarity to the sphalerite-galena deposits of Brokem Hill, New South
¥ales (Andrews, et al,, 1922; Gustafson et al., 1950).

General iuloc of the Parish deposit .

The Parish ore body replaces part of a sheet of microclime granite
and granite gneiss found in & narrev belt of biotite gneiss flanked by
pyroxene gneisses. The rocks of the belt dip almost vertically. They
show many tight crumples and minor folds, and there is more thaan a chance
that the ore body occupies the axisl sone of & vertical isoclimal fold,
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either anticlinal or symclinal. The flanking pyroxene gneisses,
locally quartsose, carry microcline as well as plsgioclase., Some
of them carry primary, polygonsl caleite grains and a little grossularite.
Thin layers of pyroxene skarn appear sporadically in the pyroxzene
gneiss, The btout_- gneiss ranges from the normal biotite-quartze
plagioclase variety to one rich in microcline. OGarmet and sillimanite
are present locslly. The biotite gneiss delt, whose inferred thickness
is 40 to more than 200 feet, is preserved as & fairly continuous sheath
between the flanking pyroxene gnelsses and the microcline granite
gneiss sheet that carries the ore, Hemnants of granitized bdiotite
gneiss are also found within the microcline granite gneiss sheet.

The central microcline granite gnelse sheet is generally 100 to
140 feet thick, thinning to 40 feet or less at the north and south ends
of the 3,000-foot prospected belt, The microclime granite gneiss is
highly variable in texture and composition. Much of the rock is &
vispy or schlieren~-banded, pinkish or grayish biotitic gneiss in which
sillimanite is distridbuted sporadically, loecally occurring in adbun-
dance, Part of the rock is aplitie; part of it, also poor in mafiecs,
is medium~grained and extraordinarily clean-looking. Granite pegmatite
veins, a fev feet thick, are rather common; some of them contain schorl.
Vhile microcline is the usual feldsper in these pegnatites, coarse
pinkish or yellowish plagioclase is preseat locally. The pegmatite
veins generally appear to be conformable, but in places they are cross-
cutting. The granite gneiss sheet 2s a whole appears to be slightly
transgressive within the biotite gneiss sonme.
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Irregularly scattered through the granite gneics sheet are
sericitized and kaolinized areas, Concentrations of bdiotite im such
Areas are commenly altéred 46 s drillisat gresa shlorite. Aesod-
panying or iadependeat of the altered areas are zones in which granitic
nocks and ore coatain small vugs, & few mm in diameter, coated with
epidote, zeclite, and other minerzls. These leached sones are confined
exclusively to the granite gneiss sheet; they are not found in the meta~
sedimentary wall rocks., However, the latter may show local microscopic
alteration to epidote, pumpellyite, chlorite, snd garbonate, without the
development of vuge or alumimous alteration products,

Description and occurrence of ore

Ore is restricted to the heterogenecus microcline granite guelss
sheet, which it replaces rather irregularly. Veakly-mineralized host
rock is a streaky biotite-microcline granite gneiss, aplite, or mediun-
W dcmlu; granite, In places, these rocks carry subeore and
even some low-grade ore, Ursnite pegmatite and highly biotitic granite
gueiss are seldom mineralized, Most material of ore grade replaces
mediun~ to coarse aggregates of reddish-brown or yellowish~-brown
spessartite; quarts; untwinned potash feldspar _/ -~ colorless snd

_/ Typiesl untwianed potash feldspar from the Parish deposit has
the composition 0?90.,A)6.50|z. 3 celculated from unpublished chemical
analysis by Z. K, Oslund; a0 = 1.18 percent. See discussion of felds

spar problem in granite gneiss ores.
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€lassy; pink, greea, or purple fluorite; and white darite. All these
gangue minerals are highly variable ia proportion. Small quantities
both of irom oxides and gangue minerals have been found replacing recoge
nizable granite gneiss whose microcline shows progressive tunfor;un
to untwinned potash feldspar, However, where either ore minerals or
spessartite and fluorite are goncentrated, the "host® is quarts, un=
twinned potash feldspar, or & mixture of the two; tmmces of recognizable
granite gneise are lacking. The inference is thas the microcline granite
gneiss has bYeen completely replaced by quarts and feldspar bdefore intro-
duction of the other gangue minerals and metallics, Moreover, where
iron oxides or spessartite appesr in force, they are intimately associated
vith each other and definitely younger than the gquarts~feldspar host.
These features are borne out by the paragenetic sequence determined
microscopically.

Two types of ore are found in the deposit: high-mangsnese ore (alsec
as a rule high in iren) and low-manganese ore (gemerally a mediume to
lov-grade iron ore), The Mn in the ore is directly attribdutadle to
spessartite, Bvery portion of drill core giving a high Ma assay is
rich in spessartite, and all cores assaying lov in Nan have little or
no spessartite, The composition of this Ma-rich garnet is
Speseg)Alm, chndr, Oross Fyr,. _/ (It is interssting to note that the

_J Unpublished chemicsl analysis by the late J. 0. Fairchild,
U, 8, Geological Survey; Ma0 = 25.66 percemt.

only known spessartiteSclosely approximating the Parish gernet in
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composition come from Brokea Hill, New South Wales.) To dste, no other
Mn mimeral has been positively identified from this deposit. Some
spessartite-rich ore lying beside an old test pit has sooty coatings
of what may be secondary Ma oxides, but similar oxides are entirely
absent from all the Mn~rich drill core examined by the writer, The
wedium~ and high-grade ore vith sbundant spessartite has an irregular
distridution within the ore body.

Walker (1943, p. 519) gives the followiag analyses of ore from
the Parish deposit:

Mill ore Manganiferous ore

te 39.70 55.80
P 0.065 0.026
Ma 4.70 9.92
840, 23.30 7.80
g 0.030 0.261
0, 0.24 0.20

The ore body has an undulatory outline within the microcline granite
gneiss sheet, weaving from side to side. In addition, the ore body
pinches and swells slightly, GCenmerally, about 12 to 35 percent of the
granite gneiss sheet constitutes ore. Toward the north end of the de~
posit, one segment of the ore body frays out inu toversl thimner layers
before resuming its ususl average thickness. There is a suggestion
that losal concentrations of iron oxides and garnet occur as shoots
within the mineralized zone, but additional data will be needed to
confirm this suggested distridution,
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Metallic minerals and paragenetic sequence

Some primery crystalline hematite and sporsdic martite are present
vith the magnetite even in weakly-mineraliged rock. Portions of the
low-, medium-, and high-grade ore have abundant hematite. Ixsolution
blades of u—uq- are fine, minute, and rare in both magnetite and
hematite., Internal alteration of magnetite to martite is gemerslly
slight, and many magnetite grains contain no martite., Magaetite, with
or vithout -ﬂln.’ is replaced locally by primery erystalline hematite,
though the hematite usually replaces gangue in preference to mmgnetite.
There is a slight suggestion that the wartitization of magnetite has,
as = counterpart, the local imteraal npiunut of primary crystslline
hemntite by traces of secondary crystalline hematite,

In general, sulfides are sparse in the Parish deposit, snd much
of the ore has none whatever, Where a sulfide is megascopically de-
tecteble, it is usually Mmilo. commonly occurring to the extent
of 1 or 2 percent but locally formiag 5 to 10 percent of layers a few
feet thick, Pyrite and pyrrhotite are relatively rare minerals in the
depoeit. In polished sections, bornite is as common as ch.inwﬂu.
and a few bornite grains were noted megascopically. Inasmuch as taraished
bornite looks very much like tarnished hematite, some boraite was usne
doubtedly overlooked in logging the drill core. Noth chalcepyrite and
boranite shov slight loecsl replacement by gray or blue chalcocite. The
gray chalcocite (and boraitel?) may be slightly replaced by covellite,
Traces of sphalerite are present in about half the ore specimens. Traces
of & soft white uskmown ore are occasionally found with bornite and



chalecopyrite, Several discrete grains of valleriite () are preseat
in one specimen.
The paragenetic sequence of the monemetallics is: _/

J Eyubols and abbreviations stand for:
~——7 == replaced by or followed by
T o trensitional to and replaced (1) by
ia -~ internal alteration
¢ -~ exsolution of
+ == plus unidentified minute bdodies in magnetite and mtp-

Twe relics
muscovite
microcline untwinaned potash feldspar
quarts ——> quarts —> spessartite —>(barite ¢ fluorite) —>
btotlto
i
pnut gneiss

—> (barite # fluorite)—> metallics—»(carbonate + pumpellyite~chlorite).

The paragenetic sequence of the metallic miaserals iss

"X“‘ .7‘::. (secondary)

ndcuu —-nqouo ~—> (iphalerite] -Sboraite —>chalcopyrite —7
nd-m + u-km. .url.,,m.

—= chalcopyrite—> fwhite M@]-—?wn —> covellite.

mﬂwm.
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The position of pyrite and valleriite (7) is unkmown. The position
ef sphalerite and the unknown vhite metallic is uncertaia, Pyrrhotite
has not deen found in polished sections. Further details on the metal-

lice are givea in a separate section.
Mineralogy and paragenetic sequence of the metallics

General features and paragenstic sequence
A relatively small and simple suite of metallic minersls is found
in the magnetite deposits of the district. Arranged roughly according
to frequency and quantity, these metallice are magnetite, hematite,
pyrite, pyrrhotite, chalecopyrite, sphalerite, molybdenite, and dornite~e
all recognizable megascopically; _/ and ilmenite, marcasite (1), chale

] The opaque btut nonmetallic mineral graphite is preseat locally
in diopeide skarn and silicated marble.

cocite, covellite, vonsenite, loellingite, unidentified minerals,
valleriite (7), and cuprite (1)--generslly detectadble only under the
reflecting microscope. Primary crystalline hematite is restricted te

the granite gneiss ores and their modified o-lmno; Martite (hemt-
tite thet has replaced magnetite) is preseat in traces or minor amounts

in the magnetite from & number of deposits, regardless of type. Pyrite
and pyrrhotite, with subordinate chalcopyrite, are ubiquitous., Sphalerite
sad molybdenite are sporadic and quantitatively insignificant. Ilmenite,
as exsolution blades in irem oxides, is widespread but genmerally negligidle
in quantity., BSornite, chalcocite, and walleriite (1) have beea foumd
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only at the Parish deposit, where the last sulfide is extremely rare.
The other metallice are found in smell amounts at one or more de-
posits, Galena has not yet been found in the district. Minor velues
for Au and Ag have been reported from one magnetite deposit (Millar,
1947, p. 12).

A small part of the disseminated oxides in the metasedimentary '
gneisses and quartzites may represent reconstituted iron-bearing material
present in the original lmn. and part of the irea oxides in mu‘i‘e
rocks and their pegmatites is undoubtedly syngenetic. 4ia additionmal
smsll part of the iroa oxides present in Doth classes of rock appears
to be the product of metamorphic reconstitution. NHowever, the writer
believes that the irom oxides present as concentrations represent
material introduced from & megmatic source. The irom oxides were accom=
panied or closely followed by sulfides of Fe, Cu, In, and Mo. Locally,

& second generation of Fe sulfides is rvepresented in some apuin.
The evidence mow available strongly favors & hypogeme origim for all
the sulfides, though Fe sulfides of the iaferred third generation might
be supergene,

There seens to De no systemstic distridution of sulfides according
to type of magnetite deposit, though concemtrations of pyrrhotite are
usually associated with skarn deposits and concentrations of pyrite with
granite gneiss deposits. Also, bormite, chaleocite, amd valleriite (1)
are restricted to the deposit (Parish) that most closely resembles a
hypothermal veis. Zoning of sulfics vithin the district bas not been
detected. MHowever, the magnetite district shows a relative coacentration
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of Cu, and the Rdwards-Salmat zinc district & relative concentration
of Pb,
The paragenetic sequence of metallice for most deposits of the

district is: _/

_/ Symbols and asbbreviations stand for:
S == contemporaneous with
== replaced by or followed by
ian == dinternal alteration
e == eoxsolution of
¢ == plue unidentified minute bodies in magnetite and
hematite

m)t\ ite
via
-ﬂoi ite = hemstite > pyrite > pyrrhotite tphllortn —>chalcopyrite -

u-k{m + u-zu. + .mb’onru.

chalcopyrite-> covellite,

Specificelly, the sequence as writtem applies to the granite gaeiss
ores, Deleting hematite gives the sequence for skara ores, The posie
tion of molybdenite is not known. Kot all the metallices occur ia every
deposit of the appropriate type, but usually only ome of them is missing.
The position of several rare metallics is discussed following the de-
seription of those minerals, The paragemetic sequence for the Parish
deposit has been given separately.



Some deposites show slight additional mimeraligation after the
bulk of the sulfides. This second gemeration of metallice (convenient-
ly referred to as minerals of stage II) occurs as local replacemente
of the host rock; as thin fissure veinlets of cslcite accompanied by
chlorite and epidote; and as small vugs lined with epidote, mollytto,
chlorite, and seclites. Pyrite (vith marcasite?) is the ooiu sulfide
in such occurremces. lLocally, sphalerite is also present. Ravely, &
trace of chalcopyrite (and specularite?) has been found. Pyrite of
this generation is known to fringe earlier pyrite and vein magnetite,
It is also the youngest mineral in vugs that cut all the sulfides,
magnetite, and silicates of low-grade ore. The minerals of stege Il
overlap somewhat, but their usual, generalised -mmi ist
hosterock minerals—>irom oxides—>sulfides of stage I-~(epidote,

pumpellyite, chlorite, caloite, seolites) >sulfides of stage

11 forder unknowy/.

Perhaps a third stage of mineralisation is represented by the
sporadic chloriteecaleite velnlets, loeally carrying pyrite, that cut
ore and country rocks, Some veinlets of similar habit contain quarts
or fluorite. Signs of faulting, or of supergene slteration to chlorite,
carbonate, nad hematite, may or may not de found with the little vein-
lets. It is prodable that some of them are supergene, though it is poe-
8ible that they are all hypogene, belonging either to stage II or teo
& separate stage 11I. They are mineralogicelly simpler than aggregates
of .ulgo Il minerals but have never been found cutting those minerals,
Because of their simpler composition and close association in places
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with faults and alteration sones, it seems desiradle to assign them
provisionally to stage III after emphasizing the uncertaiaty of their
position in the sequence, |

A fev general features of the habdit of the metallice deserve mene
tion, Throughout the whole of stage I and loeally through stage II,
the boundaries between grains served as primary sites of atteck by
netasomatising solutions. Sulfides are likely to show more obvious
replacemeat criteris than iren oxides, and coarse vein-like patteras
for gertain sulfides of stage I are more common than for oxides, The
evidence of metasomatic replacement improves with increasing guantity
of the metallice; small quantities of metallics may take the form
of esingle grains or unfilamented aggregates. Sulfides of stage I -ty
or may mot replace gangue of other sulfides in prefersnce to irem oxides
(until sulfides become abundmnt). Sulfides of stage II may vein or rim
both iron oxiﬁ and gangue, but they usually show & merked preference
for replacement along cleavages and orscks in silicates.

Thus it appears that the habdit of an individusl metallic depends
partly on the concentration (or effectiveness of precipitation) of its
components in the oresbearing solutioms, and partly on the stage of
nineraligation during which the individual metallic was deposited. The
babit astumed in a given stage largely depends, ia tura, upon the
deformational history of the host rock. The fabric of the host rocks
subjected to irem oxide replacement is essentially granoblastic or
erystalloblastic, HEvidence of cataclasis is extremely rare; instead,
the deformationsl fabric is & more subtle one evidenced by foliations,
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mineral elongation, and slight variations in grain size., The host
appears to have been deformed and recrystallised, wholly or locslly,
before or at the time the iron oxides were deposited. The sulfides
pyrite and pyrrhotite closely followed the dsposition of irom oxides.
Deposition of younger sulfides of the same stage I im part (or in places)
contimued without interruption, though in some places the host, irea
oxides, and earlier sulfides were very slightly frectured before pre-
eipitation of chalcopyrite., Substantial local fracturing occurred
before the deposition of sulfides of stage II; and in several granite
gneiss deposite, lesching of the host rocks and development of vugs
lined with epidote, zeolites, and other minerals, preceded or accome
panied the sulfide deposition. Later, local crackling and frecturing
of the mnow brittle rocks took place before the adveat of stage III
minersls,

Descriptive nineralogy of metallics
This section concerns chiefly the microscopy of the metalliec
minerals, The coverage is not complete, and no attempt is made to re=
peat common diagnostic properties already recorded in the literature.
Larger-scale features of the more important metallics have been given
in descriptions of ore types,

Oxides and borates

Magnetite
Magnetite occurs as single elliptical grains, irregular areas,
amosbolid blotches, coalescing blotches, irregular layers, and (rarely)
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as streaks, crude veinlets, and homogenesous masses, All except isolated
grains are aggregates of gemtly-curved, subpolygomal, or polygonsl ine
dividuals usually of a size roughly equal to or slightly grester than
that of the constituents of the host rock (i.e., roughly 0.5-5 mm).
Their aggregated state is usually visidble only in polished sections and
is further accentusted by etching in HCl. There is o sign of con-
centric growth., ZEuhedral crystals of magnetite are very rare.

Among the metallics, magnetite always seems to have developed
first. While some of it is laterstitial to and molded on minerals of
the host rock (particularly vhere the magnetite is sparse), most of it
shows clear evidence that it has replaced pre-existing minerals by
attack at the grain boundaries or at isolated points. Smell projec-
tions of magnetite, finger- or U-shaped, commonly occur at the periphery
of magnetite aggregates, and thinner "necks” connect single m. and ’
aggregates, uouth‘ snd embaying the minerals of the host, Primary
control is exercised by any planar structure withia the rock, but with
increasing quantity of msgnetite this planar structure is transected
and the minerals of the host are emveloped indiscriminately, either
as individuals or ss aggregates. Im a rock containing both light and
dark minerals (e.g., & salitic pyroxene skara with calcite relies, or
# granite gneiss with blotite and garnet), the hn‘tha often attacks
the dark minerals first or more extensively, ususlly showing slight
regard for cleavage., As a result of initially prefereatial and later
indiscriminate replacement of host-rock minerals, the sagnetite graine
and aggregates contain a wide variety of subhedral, rounded, or cor-
roded inclusions of dark silicates, felsics, apatite, fluorite, barite,
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or other minerals appropriate to the particular host, These include
relics, particularly if they are very small, and may give a badly pitted
surface to individual graine in a polished section,

In sddition to inclusions, the magnetite grains often contain small
and gemerally regular bodies exsolved from the magnetite om cooling.
The commonest exsolution bodies are ilmenite (see below) and spisel.
Dark-green spinel (hercynite or pleonmstel!) forms small, scattered
grains and larger sreas at or near the borders of some magnetite grains
from all types of deposit, though these recogniszabdle spinel bodies are
fairly common in granite gneiss ores and ores of modified type snd fairly
rare in skarn ores, Very rarely, & stray spinel is found ocutside the
magnetite. Polished sectione show that many megnetite graine have
extremely minute "dashes” or flattened spindles of an spparently isoe
tropie nonopaque thought to be spinel, These minute bodies are regularly
aligned along either the octahedral or cubic direction inm magnetite;
locally, both sets are present. Similar bdodies are noted in Schneider-
hohn and Remdohr (1931, pp. 581582) and have been describded briefly
by Sims (1950, p. 209).

Mimute yellowish or brownish prisms of goethite (1), as isolated
grystals or as reticulate aggregates along (111) in magnetite, are
seen in many thin sections of granite gnelss 'io. Very rarely, they alse
appear in skarn. Their euhedral shepe and regular orientation wuggest
exsolution from magnetite, dut the fact thet rare prisms of similar
material ocour locally im biotite may mesn that the goethite (1) is
an slteration product. If so, it is almost certainly hopogene,
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Another minmeral sparingly present in some magnetite is olive-brown,
weakly-birefringent chlorite (1) as mimute irregular patches, This
material may be an alterstion product, or 4t may be an unusual exsolu-
tion product, Its identity and origia are uncertain, It does not re-
semble certain types of late chlorite occurring with carbonates as vein-
lets in the ore and country rock.

None of the mngnetites has yot been anelysed, chiefly bdecmuse most
grains have inclusions or exsolution products. Inadequate dats from
certain assays and polished sections suggest that small quantities
of Ti, Al, Ma, and Mg are present within the erystal lattice of some
fpure” magnetite,

Hematite

. Primary crystalline hematite

Primary crystalline hematite of hypogeme origin occurs as a dis-
crete phase in most of the granite gnelss ores and their modified
equivalent. As an accessory or major mineral im a mumber of magnetite
deposits, and as » disseminated mccessory mimeral in certain rock belts
of the district (Puddington, personal communication), this primary
crystalline hematite is associated exclusively with potash-rich rocks.
Sillimanite is 2 very characteristic but not ubiquitous associate of
the hematite,

It is undesirable to call the primary crystalline "specularite®,
for--though metallic-=it lacks the platy habit and extremely bigh
luster of specular hematite. It is gquite wrong to enll the mineral
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"martite”, for that term is limited to hematite pseudomorphous after
magnetite; this the primary crystalline hematite certainly is not.
¥here clarity _/ 1s essential, the cumbersome term "primary crystale

_J The long term itself is ambiguous, but the writer has not thought
of & better one. Fuggestions are in order.

line hematite® will be used to designate this discrete crystalline phase
of iron oxide; elsevhere "hematite” or "primery hematite® will suffice,
Megascopieally, primary crystalline hematite bas & bDluish cast
relative to black or gray megnetite. Ia thin sections viewed by re-
flected 1ight, the hematite is distinctly lighter than magmetite,
and in polished ucun; the hematite is extremely bright and whitish
or bluish-white relstive to browaish magnetite. The hematite occours
in grains and aggregates of the same sisze, shape, and relation as those
of magnetite. Loeslly it is somewhat elongate, but it is never platy.
Sporadic grains--especially the larger ones--have one or two sets of
twin lemellse. Inclusions and exsolution bodies are common but less
conspicuous and less abundant than similar features in magnetite.
Hemetite replaces host-rock minerals the same way magnetite does,
However, ia all deposite except the Parish, the two iron oxides appear
to have developed contemporaneously ae discrete phases. At the Parish
deposit, where hematite is locally abundant, hematite looks slightly

younger than magnetite. (Aggregates of hematite graine partly ene
circle grains of magnetite; subhedral hematite erystals project into
anhedral magnetite graine; angular projections of hematite sppear to cut
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magnetite; and hematite grains lie at random athwart magnetite aggre-
gates having a definite plamar oriemtation., (Puddington, pereonsl communi-
eation, does not believe the relations convincingly demonstrate that
hematite is younger than magnetite in this deposit.) ZEverywhers else,
magnetite and primary crystalline hematite appear to be contemporaneous
or "conjunctive®,

Primary erystelline hematite never contains torroded relics of
magnetite; in fact, magnetite completely included in hematite is very
rare, This notable feature st once sets apart the primary erystalline
bematite from martite, (See below.) Primary hematite is commonly
accompanied by magnetite, but the latter may be entirely lacking,
¥ithin the district, economically important concemtrations of primary
erystalline hematite are limited to the Benson Mines and Parish de-

posits, so far as ve nov know.

Martite
Martite (hematite pseudomorphous after magnetite) occurs sporadically

and in variable quantity in skaran ores, granite gneise ores, and their
modified equivalents, The martite consists of very fine aggregates

of hematite that replace parts of individual magnetite grains, Martie-
tization degins at grain boundaries and works inward, successively
forming partial rims, patches, blades, stringlets, veinlets, lattices,
dendrites, and networke--all with highly irregular, ragged boundaries,
Control of replacement by definite crystallographic directions im the
magnetite is oftem promounced., In places, a uagnetite grein will de
almost wholly replaced by martite, leaving only a few scattered relics
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of megnetite to indicate that the "hematite" graim, as it now exists,
developed by replacement of magnetite, instead of by f;pMQ of
siliestes by primary crystalline hematite. The remerksble fact is that
martitization is seldom coyplete; progressive replacemeat is obdservable
in some magnetite grains in 2 given specimean, and relice or "islands®
of magnetite are left in the grains that at low magnification appear
to be all hematite., ¥From the evidence now at hand, it appears that
martite never conmtains exsolved bodies of ilmemite or spinel, whereas
primery crystalline hematite may have such bodies., More data are re-
quired before this apparently distinctive difference can de stated as
a2 rule,

Martite is more likely to be found in gramite gneiss ores than
in skarn ores., Its distribution in & given specimen is ususlly highly
irregular, and the extent of martitization shownly the magnetite in a
given deposit mic; videly. Primary erystalline hematite may or may
not be present in the same specimen with martitised magnetite, Ordin-
arily, there is nothing about its distribution to suggest that martite
is supergene; and on the wvhole, martite is usually present in rocks that
are entirely fresh. For these reasons, it seems that most martite in
the district--particularly in granite gneiss or»f-—h hypogene, (Similar
views have been expressed by Schneiderhbhn snd Namdobr, 1631, pp. 529-
532, and by others,) However, the position of martite in the para-
genetic sequence is uncertain, It is, of course, younger than magne=
tite; but its relation to sulfides of stage I is unkmown, for sulfides
and martitized megnetite have seldom deea found touching one another,
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Looelly in the skara deposits, some supergene martite is present.
For example, a few magnetite=bearing skols have been altered by supere
gene agents, and part of the magnetite they contain is martitized,
The same skils have thim hemstite veinlets cutting indiscriminataly
through the rock. Also, some skara magnetite near inferred faults shows
partial mertitisation,

Martite is preseat and locally adundant in magnetite from the
Clinton County district, New York (Postel and Rogers, im preparation),
snd the Dover district, New Jersey (Sims, 1950, p. 208).

Other varieties of hematite

Other varieties of hematite are present in the district., These
include the veinlets of finely-crystalline or Jaspery hematite cutting
skarn and sk0ls locally; the earthy red hemstite (accompanied by dark-
green ferriferous chlorite, carbomate veinlets, and sporadic pyrite)
in fault zones and along contacte of some marble and &:l.: and the
scattered deposite of hematite (earthy, fimely erystalline, or speculsr)
replacing ;ro-Ouirin marble beneath or close to cappinge of Potedam

sandetone. All these occurrences are believed to be supergenme.

Ilmenite
Ilmenite i widely distiduted im very -uu‘ amounts in almost
all the "nontitaniferous” magnetite deposits of the district. Generally
the ilmenite can be detected only by means of the reflecting microscope
but some polished specimens of ore have blades of ilmenite visidle to
the unaided eye. The ilmenite occurs exclusively as an exsolution
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product in magnetite or--less often~~in primary crystalline hematite.
It is common in 21l the granite gneiss ores and ia the modified skarn
ores, It is sparse in modified granite gneiss ores, and its ocourrence
in skarn ores is sporadic and quantitatively insignificant. The ilmenite
occurs as hairs, slivers, and blades, and (very sparingly) as small,
angular grains. BHome of the majerial has enough ilmenite to be classed
as titanomsgnetite, JHaire and blades are always confined to individusl
grains of irom oxides, and this is ususlly true also of the ilmenite
greins, However, the latter oocur very rarely with one side touching
gsilicates and the other three surrounded by magnetite; or as smsll,
elongete, curving "bdridges” connecting two larger aggregates of magnetite.
Discrete ilmenite grains in silicates have never been found,

Elades or hairs of ilmenite in magnetite are preseat in almost
every polished section of granite gneles ores and modified skarn ores,
Commonly, & few magnetite grains will show one or two blades apiece,
but in some specimems more than half the magnetite grains have several
blades of ilmenite. Included ilmenite grains are always present whea
blades are abundant. The blades oftea occur hit-or-miss im the magnetite,
though reticulate plates parallel te the (111) plame of magaetite are
observed in places. Iafrequemtly, the (100) direction of magmetite alse
has a few ilmenite blades., Some blades fail to reach the borders of
the magnetite host, but a great many have one end at the edge of the
host and may even extend acrose the entire magnetite grain, Ilmenite
blades have not been detected in the smallest magnetite grains present
ia the sections, Locally, ilmenite blades are skeletal and seem partly
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replaced by A nonopague or by hematite, The secondary hematite may be
present even when the emclosing magnetite shows no martite, Very
rerely, the ilmenite blades contain minmute exsolution bodies of hemae
tite and spinel,

The quantity of ilmenite is variable but small, Perhaps an average
value for a thick ore zone in granite gneiss is about 0.5 perceat. De-
tailed studies of the uncrihtlu of ilmenite have been made only at
the Trembley Moumtain deposit (modified skara type), where the quantity
ranges from nil to 2 maxisum of oa. z.d percent, averaging ca, 0.5
percent, A -tnﬂﬂieﬂ study of cores from two ore sones cut by one
drill hole (73) at the deposit shows a relative concentration of il-
mezite at the top of the upper ore zone and the bdottom of the lower ome.
There is no direct correlation detween the gquantity of ilmenite and any
one of the following! grade of ore, type of host rock, quantity of
sulfides, quaatity of apatite.

lnhu (1908, p. 23) long ago pointed out that the “montitaniferous’
Adirondack megnetite deposits are only relstively free of !'10’. e
some Ti0, hes been found in almost all of them. FHe writes: "The titanium
is traceable usually to the mineral titanite which is & common constituent
of the wall rocks and is often intergrown with the magnetite. Its propore
tion is gemerally higher inm crude ores than in concentrates, the titanite
being removed to & greater or less extent by mill treatment.” Fewland's
vork was done long bdefore the days of mineragraphy, and he was less
familisr with the St, Lawrence County deposits tham with others in the
Adirondscke., ¥e now know that sphene (or umlh) socounts for very
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little of the 'rtoz in the St, Lawrence County ores,

Oallagher (1937, p. 67) found ilmenite and ephene in ore from
Lyon Mountain. Oolemy (1921, p. 114 and plate 11, fiz. 3) reported
ilmenite from the Camopus mine, southeastera New !ozk; More thaa
forty years ngo, Bayley (1910, p. 115) inferred that ilmenite, either
modal or normative, was present in some ores from the Highlande or. lew
Jersey, sad Sims (1950, pp. 207-208) has recently noted ilmenite ia
nagnetite fom several deposits in the Dover district.

Bugge (1943, p. 130) lists ilmenite among the minerals foumd in
the skaran-iron ore deposits of Arendsl, Norway, dut gives mo dsta on
its occurreunce. To date, & little has been published on the mineragraphy
of the magnetites of central and northera Swedea, The writer believes
that ilmenite has not bdeen reported from the Central Swedish district,
vhere the ores are characteristically very low in Ti0,. However,
Geljer (1910, p. 102) found ilmenite as well as sphene ccourring locally
in ores from the Kiruma district, northern Swedenm.

The above notes point up the fact that small amounte of ilmemite
are present in many magnetite ores that are regarded metallurgically
as nontitamifercus, This ilmenite may accouat for part or most of the
710, present in the ores from several districts, (Additional comments
are found im the section on economic applications.) True titaniferous
magnetites are also found in the St. lLawrence County district, but these
are associated with metagabdbro and an ultramafic differentiste of the
quartz syenitic series, These titaniferous ores are considered very
briefly in & subsequent section,
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Vonsenite

Introduction
The rare mineral voasenite (iros-rich ludwigite) _/ is found with

-/ lndvigite is aa Mg-Fe borate of the composition (Ng,Pe),0,Fe'''B04t,
aceording to Winchell (1951, p. 136).

magnetite in ore from the Jayville deposit, wv.c.r., Osvegatchie muade
rangle, Nev York. Jayville is a deposit of the skara type, differiag
from others in the district ia haviag abundant fluoriteerich ferroe
hastingsite skara and considerable aathophyllite skarn, as well as the
usual pyroxeme skara. Diotite skils are promiment at Jayville, and
thep carry much of the ore., Vonsenite has been found im adundence in
"high-grade ore" (half vonsenite, half magnetite, with a little gangue)
from one of these sk8ls, It also occurs as & subordinate metallic ia
ore that replaces quarts~bearing ferrohastingsite skara,

Discovery snd identification

In the winter of 1947, the writer found an unidentifiable metallie
in ore from drill holes J2 and J3, Jayville deposit. The etriking optiecal
properties of the umknown set it spart from other metallics that had
been investigated mineragraphicelly and deseribed im the literature.
It was thought for a while that the unknown might de ilvaite. Owing to
the pressure of other work, the writer had nmo time for a thorough study
of the material, Ia the spriag of 1950, Mr. @. G, L. Henderson, of
Princeton University, investigated the uakaowa for the writer under the
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direction of Professor Edward Sampson., Henderson made the usual etch
teste and ot pﬁc labor bored from the polished specimen emouga "pure"
material for spectrographic analysis and X-ray study. His X-ray work
showed that the usknown was not ilvaite, but attempts to ideatify the
ninersl were fruitless, During Jamuary, 1951, !lw).n. isolated by
Henderson were studied by J, M. Axelrod and Miss Janet D, Fietcher of
the U, 8, Geologicel Survey, under the direction of Michasl Fleischer,
i-ray work by Axelrod aand spectrographic smalysis by Miss Fletcher
identified the unknowa Jayville mineral as vonsemite,

Physical properties im hand specimen

In hand specimen, vonsenite is indistinguishable from the fine-
grained magnetite with which it occurs, The vomsenite forms gray,
granular sggregates with metallic (locally adamantine) luster, Powdered
vonsenite is nrj weakly megnetic, but because of the intimate associse
tion of vonsenite and magnetite, this property is aot of much use ia
distinguishing the two minerals where they constitute ore. If one examines
polished specimens of ore with the naked eye, one sees that the vonsenite
is definitely metallic. Relative to magnetite, the vonsenite appesrs
bluish; and its reflectivity or "brightuness” relative to magnetite is
about the same as the reflectivity of magnetite relative to primary
erystalline bamatite,

Optical properties and etch tests
Vonsenite is completely opaque in thin section. Ia polished
sectiont examined with the reflecting microscope, vonsenite shows the
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follovwing properties. QOolor--pleochroic from browaishk to bluish-gray;
looks very gray with respect to masgnetite, which appears browaish;
euhedral vonsemite crystals appear brownish in this pesition s
and bluishegrey in this punus—é— Reflectivity--relatively low.
Apisotropism--strong, from reddish-browa to blue; mo interanl reflec~
tion, Hardness--less than hematite; equal to megastitu (i.e., bardnese
of F on Short's scale or 6 on Mohs' scale).

Ftch tests made by Hemdersom gave the following reactions:
HCL-~definite etch, eppesrs to reveal c¢racks; soluble auregle formed
sround drop, poesibly & "sweat aureole”. HgClz, KOK, Felly, KCN,

HNOy~--negative,

Distinction from other metallics

¥hen so little information on vonsemite is avallable, it is diffie
oult to say with assurance how thet mimeral cam be distinguished from
others of similar appearance. Jlevertheless, the following suggestions
wey be helpful-eat least until the exceptions make themselves felt.

Vonsenite is most likely to be confused with ilvaite, sad the
distinction may be very difficult to make in polished sections alone.
The occurremce, habit, hardness, etch reactioms, pleochroism, and aniso-
tropism of the two are almost idsatical. However, ilwaite is almost
alvays at least slightly translucent in thim section; in polished wec-
tion, it may show & red-browa iltotnl reflection. Some ilvaite showe
one good cleavage, and some showe zonal growth. (These date are compiled
from Femdohr, 1950, pp. 759-760; amd from Hots, 1949, pp., W=35.) Z-ray
patterns of the two minerals are very differeat (Henderson, 1950).
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In general, color and pleochroism alone are sufficient to die-
tinguish vonsemite from bDixbyite, cassiterite, thltlh. lepidocrocite,
sad - vredenburgite. (See Mason, 1942, 1943b, for duta on the manganese
minersls; lsmdohr, 1950, for data on the others.)

The properties of ludwigite in polished section {Schueiderhohn
and Ramdohr, 1931, pp, 567=568) are almost identical with those of vone
senite, given above by this writer. The dlstinction detween ludwigite
and vonsenite would probably be very difficult to make vltw & semi=
quantitative determination of the Fe conteat. However, the ludwigite
g0 far described is at least slightly transpareat in thia section or
ia thin splinters, ¥or some varieties, prismatic hadit snd silky luster
are characteristic though mot dlagnostic.

X~ray and spectrographic asalysis
Henderson's data on the vonsemite, obtained by mesns of the X-ray
spectrometer, are!
Peak 29 4
1 44,1 2.5802
2 33.70 3.3%17
3 47.95 2,3837
A subsequent L.ray investigation by J. N. Axelrod identified the minmeral
a9 vonsenite, Axelrod notes that the pattera of the Jayville vonsenite
is slightly differeant from that of the standard, vonsenite from River-
side, California.
A gualitative spectrographic analysis of Jayville vomnsenite, made
by Niss Janet D, Fletcher, confirmed Axelrod's ideatification of the

mineral sad showed the following elements to be preseat:
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Zlement Zergent

Ve, B 5

Mg, 51, A 1-5

Sa, Pb, Za, a, T4 o ¢

Cu, Cr, Zr, Ba, Ca O

Ag, Co, K4 00X
i .0001

(Looked for but not found: As, Bi, Be, Au, Pt, Mo, ¥, Ge, Sb, Cd, 71,
“. '. Y. u. n. cb' r‘. o. 't. “. ’.)

Microscopic occurrence

A thin section of "high-grade ore® from & biotite skdl shows
magnetite and vonsenite (both gray and opaque) replacing a crystale
loblastic aggregate of pale-green biotite and strongly-pleochroic
anthophyllite (7 -~ possibly hyperstheme). A few grains of bluish
ferrobastingsite and traces of zircoa are also preseat, together with
traces of one or more unidentified accessories. The anthophyllite (1)
is slightly altered to greenish-brown chlorite, The polished section
of this rock shows aggregates of magnetite and vonsenite, gemerally
as polygonal grainms, replacing the monopagues. Vonseaite slse cocurs
as scattered diamonde or loseage-shaped crystals and as small subhedral
flecks in the gangue. The magnetite and vomsenite appear to be con~ ‘
temporaneous, A fev hairethin veinlets of secondary hematite cut both
gangue and vonsenite. Eagged, crudely-bladed patches of hematite re-
place the vonseanite locally,

A thia section of high-grade ore from quarts-bearing ferrohastiang-
site skarn that contains & little pale-greea mice (biotite?), green
chlorite rosettees, and traces of unknowns has sbundent magnetite, sub-
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ordinate vonsenite, pyrite (ca. 5 percent), and & trace of hematite.
Magnetite and vonsenite replace amphibole, mics, and gquartz, Subbedral
vonsenite grains, usually attached to magnetite, sppear to de onto-‘
poranecus with or slightly younger than the magnetite. Pyrite of stage
I replaces magnetite and gangue. Sparse secondary hematite is present
as flecks end as crack fillimgs in gangue. i

Zconomic significance

Vonsenite and magnetite look so much alike to the unaided eye,
and are so intimately associated in gramular masses which in dulk are
strongly magnetic, that the writer cannot estimate the quantity of
vonsenite in the Jayville deposit. It may be substantial,

The findiag of vonsenite at Jayville makes one wonder if other
magnetite-bearing skbls of the district also carry this rare boronm
migeral. The sumber of polished sections of skol ores in the writer's
possession is too small to sample the skols adegquately. Some drill
cores logged as high-grade magnetite ore showed medium-grade ore upon
assay; possidly this werely reflects the difficulty of making a fair
estimate of grade by eye, but possibly it means that vonseaite sccom=
panies the magnetite in some of this ore. (The total Fe conteat of
vonseaite may be ca. 55 perceat, whereas the total Fe conteat of theo-
retically pure magnetite is 72.3 percent).

Qther occurrences of vonsenite
Vonsenite was first described, analysed, and mamed by A, 5., Hakle
(1920). The original vomsemite ocourfed with magaetite, chlorite,
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green pyroxene, and & white talcose mineral ia & large msss formed

at the contact between limestone and granite at Riverside, California
(Rakle, 1920, p. 141)., Butler and Schaller (1917) had previously dise
cussed the lmwt’ series, ranging &s they thought from one kmown
end-nember--magnesioludvigite--to an inferred irom-rich end-member—e
ferroludvigite. Geijer (1939, p. 21) meationed vonsenite 2s an end-

nember of the ludwigite series and presented an excellent review of the
Swedish occurrences of ludwigite, summariziag their petrologic significance,
ludwigite is, of course, known from a mumber of pyrometasomatic deposits

- in Sweden, central Furope, Xores, and the Western United States,

Additional work

Optical and chemical dsta for various magnesian and intermediate
nembers of the ludwigite series are availadle ia the literature, but
the only published informastion speecifically regarding vonsenite seems to
be that of Iakle (1920), For that reasomy an early sccount of the Jaye
ville vonsenite is desiradle, emphasising optical properties (om which
there is mo published informstion) and occurremce, This mgcount should,
if poseible, be accompanied by & chemical analysis of the vonsemite,
provided emough material can be isolated for amalysis. It is doudbtful
Af the Jayville samples will provide suitable material for siagle-crystal
X-ray study, dbut such an investigation needs to De undertakea.
(Takeuchi, Watanadé, and Ito, 1950, have recently investigated the
orystal structure of warwickite, ludwigite, and pinakiolite.) It would
8ls0 be desirsble to determine and preseat opticsl data for the origimal
Vonsenite of Zakle,
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Sulfides and arsenides
The occurrence, distribution, and general features of the sule
fides bave already been summarized. The observations that follow
are scattered and imcomplete,

Pyrite and marcasite

Pyrite of stage I occurs as flecks, elliptisal grains, irregular
aggregates, partly or wholly developed cubes, arrays of partly developed
pyritokedra, stout veinlets, and masses. It is pyrite of this genere-
tion that one usually sees im hand specimens. Most of the pyrite is
isotropic, but some of it (including certain partly developed cubes
and pyritohedra) is weskly to moderately anisotropic, Pyrite of stage I
is molded on vome silicates, replaces others, and locally replaces
magnetite and primary hematite, Concentrations of pyrite with chlorite,
epidote, and abundant spatite are found locally im granite gmeiss ores.
Much of this pyrite may belong to stage II, but some of it may belong
to stage I,

Pyrite of stage Il occurs as extremely fine veinlets that fill
fractures and cleavages in silicates and, less often, fractures in
magnetite., The veinlets pass inte thia films and fringes of pyrite that
partly or vholly envelop some graims of silicate, magnetite, and sude
hedral pyrite I, mm”m-mmmmmm
thin, they are usually seen ul.y in polished section. Some "filigree"
pyrite may also belong to this later gemeration. All pyrite of stage 1I
is, with one questionable exception, isotropiec. Pyrite assigned to
stage 111 also appears to be isotropic,
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Marcesite has not been positively identified from the nomtitaniferous
magnetite deposits, (It has bDeen found sparingly im titanifercus
magnetite deposits sssoclated with metagaddre.) However, some of the
"moderstely anisotropic pyrite" may really be marcasite, though this 3
seens doubtful in view of the crystal form assumed by some of the
material, (See notes on pyrite of stage 1.)

Pyrrhotite
Pyrrbotite occurs as grains, knots, stout veinlets, irregular
aggregates and masses, and reare fracture filliags. Loeal protuberances
cut silicates and magnetite, though when megnetite and pyrrhotite are
sparse they tend to shov "sutual boundaries”, FPyrrhotite is kaown to
replace silicates, carbonates, magnetite, ilmenite, and pyrite of stage
I. 1Its relation toward molybdenite is indeterminate. Aggregates of
pyrrhotite are made up of iadividuals with curved or sutured borders,
Oertain pyrrhotite veinlets in skara tail out into veinlets of chalco-
pyrite, Pyrrhotite masses in skara are likely to be rich in apatite.

Sphalerite

Sphalerite ’d stage I occurs as specke, grains, and small areas
in eilicates, as rime on magnetite, as elongate grains cutting magne-
tite and primary crystalline hematite, as intergrowths with pyrite, and
&3 patches along cleavages snd cracks ia pyroxeme. The sphalerite is
found in smell quantities in all types of magnetite deposit, dut s
concentration seldoa reaches 1 percemt, Oftea it is preseant only as a
trace. It is slwvays accompanied by another sulfide, though individual
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areas of sphalerite may or may not Ve intimately masociated with the
sulfide. Locally, sphalerite of stage I contains exsolved bdlebs of
chalcopyrite.

Sphalerite of stage II has been identified in caleite veinlets
from several deposits, as perched crystals with zeolites from the
Parish deposit, and as a minute accessory in ore from Trembley Mountain,
About half the specimens of ore from Trembley Mountaia show mimute grains
of sphalerite teatatively assigned to stage II, restricted slmost wholly
te ore in which fringes and veinlets of pyrite 1l were preseat. This
sphalerite II occurs as mimute irregular aggregates about 50 microns
in dismeter, made up of individuals sbout 10 microms in diameter, The
grains occur in traine near (but not om) the borders of megnetite graine,
oa the outer edges of distinct silicate rims. Ia addition, they are
present as rare scattered specks in silicates. In & few grainme, tiny
projections of sphalerite cut the enclosing silicates,

Sphalerite of both stages is gray and isotroplc, with whitish,
yellow, or drown imternal reflectioa. The identification of sphaleérite
of both gemerations was checked by etching the materisl with KNaO reageat.
After the brown stain (locally red and blue) was wiped off, single
“graine® of sphalerite were found to be sggregates of smaller individuals
showing prominent cleavage (or twinming). .

Poraite
Foraite, s0 far known in this district only from the Parish deposit
(q.v.), occurs as soattered flecks, wmall grains, and irregular small
arens in the gangue of some ore and weskly-mineralised rock, The borders
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of the bornite are very ragged, aad the minersl seldom comes against
iron oxides, However, in places it replaces magnetite and cuts primary
hematite. Its relations with sphalerite are nuﬁnin; bornite Anou
younger. Against grains of chalcopyrite, the boraite ususlly displays
*mutusl boundaries®. HNowever, at high magnification some of the
*mutusl boundaries” are clearly seen to be irregular, showing tiny
filaments of chaleopyrite projecting inte the bornite, From this it
seems certain that chalcopyrite is younger, Horeover, much of the
boraite has exsolved chalcopyrite as regularly-oriented mimute blades
or shreds, and as rare "flames" and 1«‘1;-1:: blebs. Ia places, the
exsolved chalcopyrite blades form square or rhombic lattices vhere they
lie along the cubliec or octohedral directions of the bdoraite, Part of

the bornite is usually replaced by chalcopyrite (a.v.).

Chalcopyrite

Chelcopyrite may be the only sulfide in an ore specimen, but it
is usually accompanied by at least ome other sulfide. Pyrite and
pyrrhotite are its common associates, The chalcopyrite occurs as
flecks, graias, aad minute veinlets In silicates and esrlier metallics,
Ia parts of some deposits (Trembley Mountaia North), disseminated
chalcopyrite is present to the extemt of 2 perceamt. Farely (at Brandy
Brook Northwest) it forme a veia as much as & foot thick. It is mlee
found as replacement veinlets in magnetite, networks in pyrite, and bLlebs
and veinlets in pyrrhotite. It is younger than sphalerite, Rarely,
the chalcopyrite is twimned., Some chalcopyrite grains have corroded
cores of pyrite., As an exsclution product, chalcopyrite is found im
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sphalerite of stage I aad in boraite,

Chaleocits
Chaleocite, like bornite, is restricted to the FParish deposit,

where it occure as irregular rims on boraite and chalcopyrite, ns
ragged networks im boraite, and af sheaths about exsolved chalcopyrite
blades in boraite. The chalcocite is Dlue-gray and anisotropic; some
of the "sheath" type is a desper blue. locally, chaleocite replaces
all dut the ceaters of bornite amd oﬁloowrtto grains, leaving ragged
islands of the host, However, bormite 1s usually replaced more extensive-
1y than chalcopyrite. In & few places, the chalcocite contains regularly
oriented biades of chalecopyrite thxt resemble an exsolution product
but are probably unreplaced chalcopyrite exsolved from boraite that was
later entirely replaced by chalcocite. There is no muuo to suggest
that any of the chalcocite iz supergene,

Covellite

Microscopie traces of covellite have been found in sulfides from
the Parish, Benson Mines, and Jarvis Bridge deposits. Covellite from
the Parish deposit ococurs as local replacements of chalcocite and boraite.
Covellite from Henson Mines forms & partial fringe on chalcopyrite grains
that contain pyrite relics, Covellite from Jarvis Bridge occurs as &
rare fleckelike alteration of chalcopyrite. All the covellite is
#trongly pleochroic from silver-vhite to deep bdlue; between crossed
nicols, the mineral is a bdrilliant, flery red., V¥ere it not for ite
unmistakable optical properties, the mimeral would pass umnoticed, for
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it is very sparse. The covellite may or may not be hypogeme. It is
found iz fresh specimens collected st the surface and in fresh cores
from deep drill heoles,

Loellingite

Traces of loellingite have been found in & single specimen from
the Clifton mine. Prillisat silvery-white loellingite occurs as specks
vith magnetite, nbundant pyrrhotite, and an unidentified colloform
metallic in silicated marble from a veakly-mineralised some of skara.
The loelliagite was noted by the writer and F. X, Hots ia 1948, The
mineral sesmed very easily scratched. O, ¢ ., L, Headerson investigated
the mineral microchemically and by X-ray ia the spring of 1950, uader
the direction of Professor Zdvard Sempson. _/ Henderson found Fe and

_] Polished sections of the sample were not mede at that time,
Pecause the unkmowas were so sparse in the rather crumbly specimen, it
seemed better to perform as many tests as possible before risking the
loss of the material in saving,

As by microchemi cal tests and inferred the presence of other undetermined

elements, His X-ray data are as follows:

Deak SRR
1 b 48 2.5593
2 48.60 2.3538
3 43.90 2.5914
ks 62.76 1.8602

A spectrograshic analysis of the unknowa seemed desirable., This
was made by Migs Janet D, Fletcher on material &twmmw .
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from the sample. WNiss Fletcher prepared a special set of standards
to get = rough quantitative ssalyeis of the unkmown. Her results are:

Element Zercent
As (708)

7o (26) ik

Co (3%) le5

Os, Pb, B4

B, ¥g, 81 X
&1

Lu, Za, Ma

i, ir, Ba Ok
B

o 00X
Ag . 000X

(Many other elements were locked for but mot found.) The spectrographic
enalysis confirms J. M, Axelrod's X-ray identification of the unknowm

a8 loellingite,
Polished section studies by the writer are in progreess,

Miscellaneous metallics
Several metellics of uncertain idemtity, including valleriite (1),
cuprite (1), and others, are still being investigated by the writer,
These minerals are present only in very small amounts, dut some of them
a&re interesting for their genetic significance, As the observations are
tentative and incomplete, they will not bde given here,
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iate hydrothermal minerals

Minerals of late hydrothermal origia are fouad sporadically ia
and close to the magnetite deposits of the district. The quantity of
these minerals ranges from microscopic traces to heavy coacentrations
in certein zones & few feet thick, Some of the commoner mimerals
have been found as veinlets or local alteration products im rocks far
removed from the msgnetite deposits, bdut the suite as & whole showe
a notable restriction to the immediate vicinity of the mineralized szomes,

This suite of late hydrothermal mimersls imcludes: _/ ansleime,

J(m means that the mineral has bees ideatified megascopionlly
but has not yet beem checked microscopieally.
* mesns that the mineral is common and frequeatly prominest.

apophyllite (1), caleite®, chabazite*, chalecopyrite, m.omoi. dntolite (1),
epldote®, fluorite, kaolinite (1), pectolite (1), prehmite (1), pumpellyite*,
pyrite®, gquartz, sericite, specularite (1), sphalerite, stilbite, and
uninvestigated minerals thought to be seolites,

The predominance of hydrous mimerals is striking., The parsgenetic
sequence has not been entirely worked out, but epidote and pumpellyite
are known to be relatively early, while ealcite, pyrite, and traces of
other metallics are late. (See preceding section on paragenetic sequence
of metallics.) The writer believes that the members of the suite were
deposited from hydrothermsl solutions representing the final stage of
the comnected process of minmeralisation inm the district. Minerals of
relatively higher temperature and high Fe contemt (epidote and pumpellyite)
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formed first, a series of hydrous E-Na-Cr-Al silicates followed with
falling temperature, and & feeble spurt of base-metal sulfidee and
caleite concluded the mineralisation process,

The late hydrothermal minerale are found to some extent in associs~
tion with all types of magnetite deposit in the district, but as a rule
they are sparse in skara ores, common in granite gneiss ores, and commonee
even abundant locally--in modified deposits of both types, The minerals
occur in three waye: (1) as sporadic or pervasive interaal slteration
and replacemeat of earlier minerals; (2) as linings of wugs; and (3) as
Jointecontings and fracture-fillings., The distribution of the minerals
asccording to the first two modes of occurresmce is emtirely unsystematic;
that is, there is no relation to land surface, depth within bedrock,
inferred faults, rock type, stratigraphic position, grade of ore, kind
of host or wall rock, of ianteraal structure of the rock. Moreover, the
distribution of Joints and fractures locally occupied by minerals of
the third group bas no kmowa relation to the featurer cited above,
though more information is needed on this point. The one feature common
to all occurrences is the restriction of the more complex mimerals and
parsgenesis to the lmmediate vicinity of ore,

The writer camnot give & relisdle quantitative estimate to show the
relative significance of alteratioa by the late hydrothermal minersls,
At most, perhaps 20 or 30 perceat of all the rocks cored at a given de-
posit would show some siga of late hydrothermal minerals, However, if

all tke late hydrothermal minersls in the deposits most affected vere
Packed together, they would probably not exceed 2 or 3 perceat of the
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bulk of the rocks drilled, If vuggy ®ones alone are considered, their
aggregate for the deposits most affected would be a very small part of
1 percent., Nevertheless, their "frequemcy' would be considerabdle,

The only minerals commorly occurring as internmal alteration products
sre chlorite, epidote, pyrite of stage II, pumpellyite and zoisite,
These are present, singly or together, as gramules and aggregates in the
form of flecks in silicates, replacements along cleavsges of silicates,
and veinlets inee-or irregular rims on--any earlier-formed minersl. Ia
skara depoeits, the modified skaras are oftea the only rocks showiag
pumpellyite, and i» most deposits the felsic minmerale of a given rock
are more pumpellyitized tham the other comstituents, mmmi (1)
and chabazite from vugs locally spread out as alterations of the host
rock.

Yugs occur sporadically ia ore and wall rocks at a number of dee
posits, The vugs are usually more abuandant in the ore and its immediate
wall rocks, but they may occur several hundred feet away from the magne-
tite-bearing zomes, A few of the vugs are simply lesched cavities, but
most vuge shov & lining of new minerals of the late hydrothermal suite.
The vugs are smnlleeat nltirunlouad‘-ortnua-—; roughly
eircular, irregular, or slightly elongate; and oriested with complete
disregard for the folistiom or amy other structure in the host., The
Adjacent rock may be substantially altered for a few mm about the vug,
though in gemeral the host is quite fresh; only traces of alteration
&re visille bdeyond the wug itself, The vugs are definitely younger than
magnetite mnd pyrite 1, for these minerals and their hoet have ia places
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been dissolved and have received 2 coating of the vug mimerals. Npidote,
pumpellyite, chlorite, chabasite, and pyrite are the commonest minersls
lining theee vugs. (The chabazite is very easily mistaken for colore
less fluorite.) Vugs from the Parish deposit show the greatest number
of late mineresls. ;

The vugs are similar in & very crude way to the "miarolites® at
Lyon Mountzinm, showa by Zimmer (1947a) to be leached cavities poste
diabase ia age. The St. lawrence County vugs camnot be misrolites: _/

_J] Muorite-bearing vugs found very rarely im alaskite in the
district may be true miarclites., They are not the same as the wvugs
Just described.

they are not lined with projecting crystals of the same minerals found
ia the host, and they are not restricted to rocks of magmatic origin,
The host rocks are kmown %o include microcline granite and its gneissic
equivalent, pegmatite, metasedimentary gneisses, modified skara, mineralized
sad ore-bearing parte of all these preceding rocks, biotitic amphidolite,
snd skarn (very rare), Moreover, the vugs and their linings are almost
gertainly not supergemet their host is oftem singularly "cleaa®, withe
out earthy hematite and with enly local, sporadic chlorite; they are
not distriduted ia any menner that suggests supergene alteration; they
often contaia pumpellyite, so far knowa oaly as a hypogeme mineral; and
the linings consist of minerals typical elsewhere of late hydrothermal
origin, '

The late hydrothermal minerals cenmot be gemetically related to
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diabase, a2z that rock is rarely found in the district and is not known :
to occur near amy of the magnetite deposits, The association of these
late minerals is with mineralized rocks, principally those in whigh X,
Al, §5i, aad OH had slready effected some modification., Somewhat similer
relations appareatly exist inm other districts, iacluding Aremdal,

Norway (Bugge, 1940, p. 93); the Uslo regiom, Norwey (Ueldschmidt,

1911, pp. 469=473); the Brétorp simc mime, Orijirvi district, Finland
(Borgstrim, 1908, pp. I3=337); aad mines im the Central Swedish dise
trict (Geijer and Magnusson, 1944--geclites, etc., cited in dw-.lqt_m
appeadix).

Pumpellyite warrante special comment. 5o far as the writer knowse,
$t, Lawrence County is the firet magnetite district foumd to contain
pumpellyite., The mimeral was subsegueatly found by Sims and identified
by the writer st the Scrub Osks wize, Dover district, New Jersey (Sims,
1950, p. 210). Traces of & minersl that may be pumpellyite have receate
1y been found in the Andover district, New Jersey (Sime and Leonard,
in preparation). The S5t, lLawrence County pumpellyite appears to be &
ferroan variety occurring as local pervasive replacements (mimute to
extensive), veinlets, snd vug linings ia & variety of wallrocks and
ore types, Its optical properties aad further details of occurrence
will be preseated in & subsequent publication. Aside from the New York
and New Jersey megnetites, pumpellyite has been found (1) in amygdules
&nd veinlets, and as an alteration product, im basic igmeous rocks;

(2) in chlorite schists, glaucophanme schists, sad other metamorphic
rocks; (3) in quarts veins; and (&) in modified skarms, Moet of the
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significant references are cited by Winchell {1951, p. 519).

Several minerals found as alteration producte of host-rock silie
cates camnot yet be fitted into the paragenetic sequence., These ine
clude muscovite (from microcline, sillimanite, and combinations of
silicates), szoisite (ffom feldspars), dark mica (from pmbou-), and
hydrogaraet (1) (rare--in skaras). One bas the impression that such
minerals sre more or less contemporaneous with megnetite and definitely
older than the late hydrothermal minerals, but the relations so far ode
served are entirely inconclusive, The quantitative exteat of these
alterations is very small iadeed,

itmtm of the magnetite deposits

The magnetite deposits of the district are replacement deposits
developed on the noses and 1linbs of folds after deformation of the host
rocks by plastic flow. The deposits are essemtially conformable to the
structure of their host, but locally they are transgressive. The pattera
of at least one deposit has been allered by posteore faulting. The
regional structural setting of the deposits has already beea preseated.

It is often difficult or impossidle to make & smooth tramsition
in relating major folds, miles in length, to the local folds, hundreds
or thousaads of feet long, i which the magnetite deposits occur, :
Much of this difficulty stems from the insdequacy of outerops im the
immediate area of the deposits, but part of it is due to the complexity
of the structural pattern imposed by at least two mejor deformatioas,
In gemeral, the local folde in their preseat form are sot simple drag
folds or flowage folds accompanying the major anticlinal masses of quarts
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syenitic rocks, nor are they minor folds related to major folds in
areas some miles from quartz syeaitic masses, They are, in varying
degree, the result of later deformation acting om an earlier pattern
to give & composite effect.

In the asccount that follows, the writer summarises the structural
types of deposit before discussing some of the elements that make up
those types, This departure from logical order secems Justified because o
the shape snd pattern of the ore bodies are of primary concera to the %
men who must work them,

Structural types of deposit

The structural type=-or simply the shapee=of the deposits cna be
classed as follows: simple (?) tabular, fishhook, linear, multiple
drag fold, and complex. 3Before these types are discussed, two features
must be pointed out. First, no single deposit-egperating or imsctivee-
is so well knowa that its structure cam be described with comfortable
sssurance, Secoad, most deposits in the distriet seem to bhave two long
dimensions and one relatively short ome, rather than one long dimensica
and two relatively short ones, There are exceptions to this rule, dut
in genersl the remmrkadle lath-like hadit of certaia New Jersey and New
York magnetite depoaits is imupleo even lacking-ein the
8t. lLawrence Oounty magnetite district,

Simple (1) tabular boddies
One may expect to fiand relatively simple tabular or sheetelike
bodies on the limbs of folds. The long, straight magnetic anomalies
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given by the Jarvis Bridge and Skate Creek deposits, coupled with the
continuity of the mineralised sones shown Dy imitial diamond drilling,
suggest that thess two deposits are roughly tabular im shape., They
extend for several thousand feet alomng the strike, are gemerally sbout
20 feet to less than 50 feet thick, and have beean tested dowa the dip
to = distance of less tham 500 feet. The dip of the Jarvis Bridge de-
poeit changes gradually along strike from oa, 50 SW. st the southeast
end to 70 SW. at the morthwest end. The dip of the Skete Oreek deposit
varies somovhat more, As meither deposit has been tested by a fan of
drill holes, the possible variation in éip et incressing depth is un-
knowa,

The writer has describded these deposits as relatively simple tabulsr
bodies, However, he would point out that the structure of the magnetite
ore body in gramite gaeiss st Lyon Moumtain, Cliaton County dietrict,
New York, appeared to be relatively simple for some distance along strike
and dowa dip, yet the bdody is now hm‘ to have imherited & very complex
group of folds. The stracture of the upper parts of the ore bdody wae
that of a steeply-dipping, érum-unm mass; mining to depths of

2,000 feet and more eventually shoved a complex, plumging symcline with
sharp anticlimal cross folds, A small sample of the structure of any
one part of n magnetite deposit may be a poor guide to the structure of
the deposit as & whole, if one optimistically thiske of "the whole"

a&s embraciag bodies that possibly extend $o great depth,

Fishhook bodies
Magaetite bodies whose plan views have the shape of a fishhook are
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common in the district. (See fig. 3.) Vhether these deposits are also
fishhook-shaped ia cross section, we do not kmow, =Examples are Spruce
Mountain Northwest, Trembley Mouataim, Deerlick Hapids, Desd Creek,
¥ilson Mountain, and Benson Mines. The fishhook pattera results from
the replacement of host rocks on the nose and one limb of & fold. In
this district, there is reasonabdle evidence that most or all of the
"fishhooks” are isoclinal syaclines. The synclines may be relatively
opea (Spruce Mountain Northwest), or closely appressed (Dead Creek),
The inferred axial plane of the syncline may be vertical, or it may be
fnclined at a moderate angle, giviag an overturned isoclizal fold., The
magnetite deposit may lie on the overturned or upright limd of the fold.
The inferred pluage of the fold axis may be gentle or steep,

The fishhook shape of ore bodies im metsmorphic rocks is very
common, though many Americaam geologists, recalling the umusual ore
bodies of the Framklia district, New Jersey, are loath to think of
this structural pattern as commoa in any way. Hovever, a few references
to other deposits will suggest at least the geographic range of "fishe
hook" u,o-m{ Brokea Hill, New South wales (Qustafson et al., 1950);
Camlaren, Northwest Territories (Henderson and Fraser, 1948); Sherritt
Gordon, Manitoba (Farley, 19u8); Sullivas, British Colusbie (Swensonm,
1948); Areandsl, Norway (Kjerulf and Dshll, 1861; Pugge, 1940); Central
Swedish district (Geijer and Magmuisson, 1944); Dover district, Hew
Jersey (Sims, 1950); Ducktowa, Tennessee (Emmons and lamey, 1926);
Sdwards-Balmat district, New York (Browa, 1936); Franklin, New Jersey
(Spencer ot al., 1908); 81 mime, Lyom Mountain, New York (Zimmer, 1948),
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Three poiats relating to the fishhook shape of the magnetite de-
posits of St. Lavrence County deserve memtiom, Tirst is the apﬁnrut
restriction of magnetite deposite to symclines, This does not mean that,
within & given deposit, ore will be adbsent from minor saticlinal struce
tures; it does seem to mean that the noses of anticlines of intermediate
tize (amplitude of several lmmdred feet to 1,000 feet or so) huve bdeen
unfavorable sites for replacement by magnetite. Yot anticlimes of approe
priate sige ead rock type are kmown within the district; they simply
do not carry megnetite deposits of significant esine, ﬁl the Sterling=
Ningwood district, New York-New Jersey, Hots (1945) found ore on the
noses of overturned anticlines &s well as symclinmes, Sime (1950, p.

152) states that & sineralised 20me of dark gneisses can be followed
around the nose of the Hideraie saticlime, Dover district, New Jersey,/

A second point is the occurreace of ore oa the upright, as well
as on the overturned, limb of the symcline. Postel (persomsl communicae
tion) found that inm the Clintonm County district, Few Tork, megnetite
deposkts were ususlly related to the overturmed limd of isoclinal syne
¢lines, Thie he attributed to greater sheariag in the rocks of the overe
turned limb, giving s more favorable site for ore deposition,

A third poiat, of general application, is the prevaleace of the
fishhook structure im so many ore deposite in differeat districte: why
fishhooks, instead of symmetricel U's or V's?! The common explamstion
is that deformation on the nose and in the axial sone of the fold was
most intense; this, coupled with the plunge of the fold, gave a favore
able site for ore deposition in those areas. DBut what deformational
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feature of gne limb caused replacement there, instead of on the nose
and axisl zome only, or om both limbs symmetrically?

Linear bodies

The epparent absexce of distisct lathelike or peacilelike dodies
from the district bas already been noted. However, tvo deposite only
partly explored by diamond drilling may have elongate ore shoots of
anslogous habit, These deposits are Prandy Brook Northwest aad Jaye
ville., At both deposits, & promineat D lisecation (psrmnllel to the axes
of loeal folds) is seemn in some wall rocks, This, together with the
distribution of ore iam the fev soattered drill holes, suggests that say
additional drilling ought to comsider the porsibility of linesr shoots
of ore, as opposed to contimuous sheets, (At Jayville, a very promounced
lineation ia & is also preseat loeally., A hole drilled to test tha
assumption that ore might oceur in shoots parallel to the a limestion
was barrea.)

At Spruce Mountain Horthwest, the presence of eclongate lobes of
néoﬂo “highs", parallel to the axis of the syacline, suggests linear
ore shoots bensath {Leonard, report im preparation). At Dead Creek No,
1 (Buddington aad Leomard, 1945a), an elongate area of low positive
readings at the southeast end of the magnetic m-l; suggests the edge (1)
of a pitchiag ore shoot,

It must be emphasized that the existeace of linmear ore shoots ia
this district bas mot been demomstrated, though such shoots are kmowa
%0 occur in neighborisg magnetite districte (e.g., 81 mine, Lyon Moum-
tain, New York~eZimmer, 1948). However, the possidility that limear
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ore shoots arc present in some deposits ought to be kept clearly in
mind. The exteat to which the "fishhooks" may persiet as large linear
features parallel u'm axial plusge of their associated folds, can
only be conjectured.

Deposits oa minor folds

Several prospects, distinguished chiefly for their small size, are
én migor folds that iaterrupt very slightly an otherwise contimucus
belt of skarm and associated metssediments, At the Oreen Farm (Newland,
1908, pp. 138139) several pits were sumk in ore ou the axes of aimor
folds. Theee folds, haviag an agplitude of oaly 15 to 20 feet, are found
in intervals of 25 to 100 (?) feet along the ¥. 30 V. strike of the
*vein®., The folds trend ce. S. 15 V. and plunge os. 20 S6W, The magnetic
anomaly is contimuous along the covered belt for oa, 450 feet, and one
does not know if the pits are oa the best part of the deposit or on
"average ore", Somewhat similar strugtures are fouad in the Rampars
Hountain-Lake Marion magnetite prospects, Tupper Lake quadraagle,

Ore is kmowa to occur oa mimor folds, both aaticlinal aad symelimal,
in many larger depoaits of other structural types ian the district,
For that reason, it is perbaps unfair to place ia & separate class the
prospects noted above, IHowever, the preseace of msgnetite conceatrations
on minor feldes seems to be the only distinctive structural feature of

these prospects,

Complex deposit
The Clifton deposit (magaetite in skarn) does mot fit any of the
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simpler structural types foumd ia the district. It is a deposit of
complex habit, Perhaps this "relative complexity" is due mainly to our
greater knovwledge of the deposit--the only mine in the district thtv
has underground workings, aad the only one the Geological Survey has
been sble to map ia detail (40 feet to the inch). However, there is
also a sound geologic reason why the deposit is more complex: Cliftom
lies jJust within the mnticlinal Stark complex of old, rigid granitic
rocks, twvice deformed by regiomsl forces. Because of its umusual
environment, the deposit may represent, compounded and sccentusted,
most or all of the structural features expectable in the rest of the
deposits of the district. This is a comforting dut prodably umreliabdble
speculation., Similar complexities are likely to appear as our kaowledge
of other deposits (particularly skarm ores) growe.

The Clifton deposit lies within & marrow belt of metasediments,
several hundred feet thick, on the extreme eastera flank of the north-
trending Stark snticline of phacoidal hornblende granite gneiss, At
this latitude, the anticline is upright snd its axis nearly horizontal
or plunging gently southward., 4 very thia body of phacoidal graanite
gneiss, locally absent, intervenes between the metasediments and a
large mass of younger hornblende granite on the east., In the immediate
neighborhood of the mine, this horablende granite is a completely
deformed and recrystallised gneiss, locally having an alaskitic facies
nlong its contact with the older rocks., The metasediments are in-
timately penetrated and locally brecciated by sheets of phacoidal
granite gneiss. DBoth groups of rocks are cut, ia ome area, by dikes
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and sheets of hypersthene metadiabase, knowa from its occurrence elsee
vhere to be older than the hornblende granite gneiss and its alaskitic
facies,

The myerage strike of the belt of metasediments is ¥, 45° 5., and
the usual éip is southeast. Two principal systems of folds are present
in the mine area, There is considerable local evidence indicating that
the two systems belong to two differeat periods of deformation. One
system has axes trending ca. 5. 10° Z. and pluaging 0-40° 8, Let us
designate the axes of this system as bg. The bg folds are essentially
parallel to the axis of the great Stark saticline of phacoidal granite
gneiss, the major structure of the area. Folds of this system appear
to be relatively older; they may be interpreted ss flasking drag folds
subsidiary to the great Stark anticline, The second system of folds
bas axes trending ca, ¥, 56° . Let us designate the axes of this system
as b;. The axes of by folds plunge gently ENE. or WSW., seemingly
averaging about horiszontal. The by folds appear to be relatively younger,
Some members of this system are severely overturaned toward the northwest,
and in places the movement has approximated low-angle overthrusting,

A third and subordinate fold system, intermediate between the first twe
ia direction, appareatly bears the relation of a resultant toward the
first two. (Why this should be so, is not entirely clear,) Folds of
this system are similer in character to those of the by system, and
their present tremd suggests that they are bg folds rotated (or by some
means moved) imto & mew trend by the forces that produced the by folds,
Lot us designate these rotated (7) resultant folds as bsy. MNany other
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types of lineation accompany the three fold systems, Most of these
lineations appear to be in b with respect to the individual fold
system, but some are in &, In addition, there are s fev anomalous
lineations vhose significance is at present unkmown,

The thickest known ares of high-grade ore at Clifton formed a
large, blunt lems, rhomb-sheped im plan, whose known and inferred
boundaries were clearly controlled by elemeats of tﬁ bg, b;.. and by
fold systems, (See fig. 4.) The stoped-out ore body lay ia & symclinmal
sag between utlolhli folds of the by and \3‘ systems, The body wes
elongate in & NE. to ENE. direction. The northeast edge of the ore
body ended rather sharply against an overturned saticline of the bg
system. The southvest edge thianed and frayed out over the top of a
broader anticline made up of many minor folds of the l,‘ system,
Helptions at this edge are much léss certain, owing to the appearance
of dikes and sheets of hyperstheme metadiabase. The thimned upper
part of the main ore body cropped out at the surface, This ares was
mined out in the open cut, so that the structural relations are mow une
observable. According to the writer's restoration based on field mep-
ping and drilling data, the mot edge of the ore body had thimned slong
the crest of an anticlinal roll of the by system. TFrom underground
mapping and drilling data, we knovw that the lower edge of part of the
thick lens thinned abruptly slong am overturned fold of the by system,
Present mining is largely from a part of the ore body lying southwest
of the thick main lems, and at greater depth. This part may represent
another crude rhomd arranged en echelon with respect to the main stopeds
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out ore body. Z=Exploration in this area has beea limited, but the re-
sults are promising. No attempt has been made to prospect for deep ore
bodies down the plunge of the i, folds, below the main lems,

The pattera outlinmed above gives only the general features of the
ore body or bodies., This pattera is greatly complicated by many sube
ordinate folds delonglag to the bg, bs,, and by systems, These result
in subordinate but consplcuous pinchiag, swelling, aand billowing of the
ore, Where folde of the bg system are relatively epean, they are warps;
where folds of the by system are relatively opea, they are rolls,
Locally, folds of the by and by systeas are tight, isocliasl crumples
and "drags®; and folds of the by system are overturned isoclimal folds
vhose under sides approximate low-angle overthrusts, A few repree
sentative cross sections are givea ia figure &4,

The most favorable places for ore depesition were the intersections
of synolinal folds of the two main systems. Less favorable sites were
the intersections of symelines of ome fold system with anticlines of the
other, Ore seems to be lacking where anticlimes of the two fold systems
intersect, (These tentative comclusioms are dased on grade~thickness
contour maps prepared by comsultants for the Hamma Coal and Ore Corpors-
tion and on the results of detailed mapping by the Geological Survey.)

The relative ages of the fold systems ere not definitely estadblished,
but several lines of evideace poiat to the bg system as the older one.
The fact that the two deformations (or recurreat phases of the same
deformation) ylelded so complex & structural pattera can be attriduted
to the inhomogeneity of the rock umits imvolved, especially te the
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presence of plastic carbonate rocks iaterlayered with more rigid metae
sedimentary granulites and sheets of phacoidal granite guneiss,

Very similar complex structures ia magnetiteesulfide bodies in
skara have been described by Mogmusson (19400, pp. 105-110) and others,
but space forbids the citiag of comparisons here,

The oio is entirely post-folding. Some of the very coarsest
megnetite is in fact found with & few inches of crushed, sheared, de-
formed, and recrystallised phacolidal granite gneiss, Part of the skarm
vas probsbly developed by the quarts syemitic magme that ylelded what
is now phacoidal granite gneiss; however, most of the original limestone
was probably deformed as such and subsequently metasomatized elightly
in advance of ore deposition by solutions emanating from the younger
granites,

A fow small mormal faults cut the rocks in the mine area, but these
faults are not yet known to produce major dislocations of the ore bdodies.

Primary structural features

The main structural types of magnetite deposit have been described,
and details of special structures and replacemeat relations have beea
given in description of the differeat ore types. The conformable,
layered character of much of the ore, and the general Ww.f
many of the deposits, has been pointed out. All the deposits show local
irregularities due to the sporadic effect of replacemeant; and some show,
in addition, loecsl irregularities such as pinching and swelling, or
marked thickening and thimning due to folding and extreme flowage of the
host rogks. Skols have developed locally, and boudimage is kmown to
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occur in some places. Other special features, already noted, are cone

sidered belov in more detail,

Local transgreseive relations

All types of megnetite deposit in the district exhibit loecal transe
ﬁonln on several scales, Oeantle undulation of mimeralised zones
vithin the host rock and leocal transection of "stratigraphic® coatacte
by these zones is evidence of transgression oa the scale of hundreds
or thousands of feet.

Small discontimuities between ore and wall rocks are well shown
at several places in the Cliftom mine. Five or 6 feet of the footwall
contact of ore against pmo'puu and garaet skarn is well exposed
in the face of a small cross cut, 430 N, 195 ¥, off the miaing sud below
the firet level. The contact is a surface of discontimuity, truncating
drag folds in the usderlying gaeiss. The contact strikes ¥, 77° E. and
dips 40° 53., whereas the drag folds tread 8. 15° %. and plunge 5° S3,
(If these drag folds were in the plane of the comtact, their pluage
vould have to be 40°, for the angle between the strike of the surface and
the trend of the folds is 88°,) These relations suggest inconmgrueat
flowage betwveen limestone (mov represented by ore that has replaced
skarn) and more resistant zones of impure calcareous gneisses coateined
vithin the original major limestone uait. The discontinuity may have
been emphasized (or used sgein) during lste shearing that preceded ore
deposition, PSimilar discontimuities along contacts bDetween what were
carbonate rocks and their less plastic adjoining rocks may have been ll.
important means of access for the ore-depositing solutions.
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Tranegression of host rock by magnetite on the scale of a few inches
or feet is indiceted by the magnetite veinlets that cut across structural
surfaces at small angles, and transgressioa o2 a microscopie scale is |
showa by fabric and replacemeant relatioas previously described,

The role of discontimuity and tranegressiom ies emphasized here dee
cause structural features of this sort are believed to have controlled
the replacement by ore. For purposes of prospecting and developing the
ore bodies, of course, the more usual aand more obvious concordant rela-

tions of the bodies should be streased.

Linear structures and their use

In New Jersey, it has long been knowa that the tread and pluage
of lineations ian the wall rocks could be used to predict the course of
the elongate ore shoots characteristic of several districts in the state,
The lineations, of #everal types, are all esseantially parallel to } (fold
axes) ia an aren where all fold axes have & remarkably unifors pluage
(S4me, 1956). Zimmer (1947b) has moted a similar relation at the 81
mine, Lyon Mountain; sad the relation is duplicated by many deposits
in Swedem, Norway, the Appalachisns, and elsevhere, Unfortumately,
mltiple lineationse-that is, lineations of many types _/ with diverse

_/ including rodding, fluting, and peacil structure--elements whose
orientation is in some distriots a highly reliadle guide to the course
of the ore shoots,

but systematic orieatation~-are typical of several deposits in the St.
Lawvrence County district, sotably the Clifton mime, One of the major
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structural problems, still mot entirely selved, 1s the relation bdetween
certain sets of lineation and the probable directioa of elengation of the
ore bodies, The problem is not one of yhigh set controls the elonghe
tion; several do. The problem 18! how are the sets related, spatially
and genetically, and what does that mean in terme of structural comtrel
of ore, The writer would urge extreme csution in the use of limeations

to predict the course of ore bodies until the individual pattera is worked
out for each deposit. (See discussion of "complex deposit®.)

Localization of ore

The importamce of regiomal and local structures in localizing ore
has already beea detailed, with comsiderable emphasis placed on the role
of structural discontimuities, V¥We still do mot knov why a particular
part of a favorable host rock is replaced by ore. Detalled mapping at
Clifton has shown that meny appareantly homogeneous portions of skaram are
intensely drag-folded om the scale of inches and several feet, the tight
folds and crumples frequeatly being outlined by fime filme of micaceous
minerals, Similar and such more obvious minor folds are preseat in some
granite gneiss ores, and low~grade ores of all types are likely to be
folinted to some extent. Yet sigas of cataclasis of host minerals are
ususlly lacking in thin sections of ore. In contrast, Postel (Postel
and Rogers, im preparation) found that many ore specimens from the
Clinton County magnetite district showed promiment sones of micregramula-
tion serving as sites for replacement by magnetite. If the host rociks
of the S5t, Lawrence County magnetite deposite were ever subjected to
picrogranulation, the evideace has largely beea obliterated, either
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because the last deformation of the fabric occurred at temporatures high
enough to imduce complete recrystallization, or because the mimeralisae
tion process itself imduced a recrystallisation of the uarsplaced host
minerals, Browa (1947) has considered at length & similar problem re=
lating to the sphalerite deposits, Perhaps & study of porosity of the
magnetites would be equally rewarding. »

Secondary structural features

Shear zomes, faults, aad jointe are secondary structural features
affecting the magnetite deposite,

Shear zones & few inches thick have been found locally at the Clife
ton mine, All the shear zones sre small, Noost of them strike ENE. and
dip very geatly southward, but ome in the ocpea pit has & steep morthward
dip. These shears are post-skara, post-pegmatite, and posteore. The
writer believes tﬁv represent late movement induced by the same forces
that earlier produced the prominemt bz rolls and overturmed folds that
show local evideance of limited overthrusting.

Minor faults at several depowits are inferred from drill cores
showing mylonite and chloritized dreccis, The exteat aad character of
the faults are entirely uskmown; displacement has probadly been neglie
gidle. At ome deposit (Brandy Brook Northwest), am imferred fault has
displaced the morthwest end of the ore body for an appareamt horisontal
distance of 200 feet (Leonard, report ia preparation). Imasmuch as
local poste=ore faulting is & rether common feature of other magnetite
districts in the Adirondacke, wve may expect similar faults to 'mou_"
iz the 5t, lawrence Couaty district as knovwledge of the iadividual
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deposits grows,
Joints in the magnetite deposits have not deen studied or mapped

in detail, Time did mot permit the tedious measuromeat by sun compass
of the orientation of Joiats whea data on plamar and linear structures
held priority. Such & joiat study might prove highly desirabdle, both
29 5 means for inferriag oriemtations of limeations {(and ore shoots?)
in areas where mormally promineat lineations are locally obscure or
absent, and as & poesible mesns of relating the ages of fold systems,

Joints and inferred faults have coatrolled supergeme rock alterw
ation at several deposits in the district,

Supergene alteration
Supergene alteration of the magnetite deposits is genmerally
slight, oving to the preseat rigorous climate and the erosive action
of Pleistocene glaciation, which removed most signs of earlier weather-
ing, However, some deposits show A characteristic type of alteration
telieved to bde supergene. ./ Several skara deposits show local intease

J/ This belief is based mainly on the similarity of the alteration
products with those developed eslsevhere in the district by supergene
agencies, Until wore data are at haad, the evidence from drill cores
and dump specimens alome 1s inconclusive though stroagly suggestive,

@lteration, but most of the deposites in granite gnelss are unaffected
or mersly show slight leaching and clayemimeral alteration ia the rottea
Upper zone of bedrock covered by 2 thick mantle of glacial debris,
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Alteration is promineat ia certaia rocks at the west ead of the
Breaady Brook Northwest deposit. The ceatral aad eastera parts of the
belt show similar alteration, weakly developed, im & few places.

Skara and limestone are by far the most frequemtly and most exteasively
altered rocks; alaskite, mica -61-. and quartsose gneisses have been
affected locslly. The principal alteration product of skara is "green=
stone"=ea soft, Dlue-gray or greenish aggregate of extremely fine
chlorite or serpeatine, or perhaps both, Usually accompanmying the
Pgreenstone” are specks or stained areas of red hematite, groups of
thia caleite veinlets, or veinlets of caleite, chlorite, pyrite, and
henatite, Veinlets are sometimes found where "greenstone" is abseat.
Some "greenstone” seems to have formed directly from limestone ndjaceat
to altered skara, and hematite withian the altered limestoae is black
and gramular, The rock alteration is not limited to a particular part
of the skarn, though it is especially promineat at and near the top and
bottom of the skara soae.

At seversl places, the alaskite sheet is chloritised, velumed by
caleite (with or without pyrite), stained with hematite, or altered to
clay minerals, Usually these features are combined, Vhere the alaskite
i® so affected, thin zones of sheared rock or mylonite may be visidble. .

The inferred fault sone _/ i chloritized aad hematite-stained,

_/ Bee preceding section on secondary structural features.

a8 well as bdrecciated. Considerable carbonate may once have been present,
for the zone is porous and had to be grouted repeatedly during drilling,
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The writer believes that the alteration described above is almost
wholly supergene, Owing to thelr greater susceptibility to solutien
end alteration, skarn sand limestone have been affected most. Skole--
nov completely altered except for relics of mica, rarely seen--may
have been chamnels especially favorable for downward movemeat of solu~
tions, (See Eskola, 1914, p. 259)., The inferred fault aad minor sones
of mylonite have also served 2s chamnelways, perbaps assisted by Joints
that are searcely visible in the uswesthered core., One cannot exclude
the possibility that a small part of the alteration is hypogene, for
calcite=fluorite-pyrite veinlets (in part with chloritised selvages)
are found locelly in the deposit. These veinlets are thought to be
hypogene, but the veinlets and their chloritic wallerock alteration are
& minor feature indeed,

The dumps &t the Jayville deposit show magnetite-bearing diotite
skb1s highly altered to earthy chlorite and cut by networks of thia
calcite~hematite~pyrite-Jjagper veinlets, The same kind of alteration
has been found in drill cores from that deposit,

The greatest kmown vertioal depth of hematite-chlorite alteration
in the magnetite deposits is 450 feet (Hole B9, Brandy Brook Northwest).
It must be ut;l that this intense alteration is always localised along
Joints, faults, t‘u. or marble layers, vhereas the more pervasive
"rotting", leaching, limoaitisation, and clay-mimeral alteration found
at the sub-outcrop of some deposits extends dowaward into the bedrock
for only 40 or 50 feet, (However, the overburden itself may bde 50 or
100 feet thick.) Only the better protected somes that extended deep
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into bedrock aloag faults, etc., have been preserved after glaciation;
weathered surficial material wvas almost entirely scraped away.

Similar supergene alteration to chlorite, hematite, and secondary
sinc minerals has beem described by Browa (1936) from the Balmat sinc
mine, Supergene alteration at Balmat extends to depths of 1,000 feet
sad more (Browa, 1936, p. 340). A meighboriag bdelt of earthy hemstite
deposite (see fig., 2) derived from the weathering of pyritie gneisses
wvas mined for iron ore during the last century (Buddingtom, 1934, pp.
194e202)., The age of this type of alteration in the northwest Adiron-
dacks is not certain, DBuddinmgton thinmks that most of it took place ia
poste=Archaean, pre-Potsdam time, while Brown believes some of the altera-
tion may be wuch younger., There is no direct way of dating thoaltm;
tion that accompanies the magnetite deposits, |

Secondary hematite derived from weathering yields one type of
"soft ore” assoclated with magnetite deposite of the Central Swedish
district (Geijer and Magnusson, 1926). Hematite~chlorite alteration
slong & fault zome cutting a magnetite deposit at the Andover mine,
Andover, New Jersey, has been described by Sime and Leonard (report ia
preparation). Similar alteration is knows to occur im the Armold Rill
group of mimes, Clinton County, New York (Postel and Rogers, ia preparse

tl..)o
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Origin of the magnetite deposits

Metasomatism effected by younger granites

The writer believes that the magnetite deposite of the district
are high-temperature replacement deposits produced by emanations from
younger granite magma. The deposits represent one aspect of a process
that, under slightly different comditions, yielded the neighdoring
pyritic sphalerite deposits, pyrite and pyrrhotite deposits, and per-
haps also tremolite-talc deposits, The evidence on which such an inter-
pretation can be dased has already beem presented. A brief summary
of the more important geologic events is givea delow, together with a
discussion of the origin of the ores, All thoughtful geologists will
realize that this is but one readiag of the record, that msay other
interpretations have merits, aand that there is still no sure answer for
some of the most pressing geologic prodblems found in this and related
districts,

Summary of events
The firet major deformation of the Adirondacks took place after

the consolidation of the quartz syemitic rocks and their intrusion by
scattered dikes of hyperstheme metadiabase. The conclusion of that
deformation marks the end of one great chapter of Adiromdack geology.
Subsequently, younger granite magme was intruded into the metasediments
and partly metamorphosed older igaeous rocks, This magma, which cone
solidated chiefly as horablende-microperthite granite, differeantiated
to give a volatile-enriched phase that worked upward and outward,
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erystallising as alaskite, in part as "roof rock®, ia part as satellisic
sheets and phacolithic bodies in the metasediments, Prodadly the same
fundamental magus also yielded & highepotash, volatile-sariched pbase
that intruded the metasediments as thin sheets, rescted with the country
rock, sad in places metasomatized it extensively, yielding heterogeneous
microcline granite gueiss, _/ In places, or at times, the younger

J The possibility that the micrecline granite gneise is relatively
old must also be borme ia mind.

granite mey have comsolidated under directed pressure; part of it is
deformed, part of it is not. Generally, deformation of the younger
granite occurred after the rock was completely solid,

An advance wave of metasomatism by velatile emanations rich ia ¥,
(e1), (®), OH, and 51 preceded the intrusion of some of the granite,
for in places contact zones of skarn are cut by alaskite or granite pege
mntite (often syemitic in this relation), or replaced by microcline
granite, The charscter of the skara as it existed in this stage is
entirely umkmowa, The silicates that composed it say heve been very
poor in irem, or they may bave beem »slightly ferriferous. MNoreover,
the durstion of the period of metasomatism is uncertain; though skara is
locally cut by granite, and some granite areas have been metamorphosed
locally, none of the skara seems to have Deen appreciably deformed or
reconstituted. These facts seggest (1) that the metasomatism that
Yielded skarn began before the intrusion of the granites and contimued
(or was renewed) after wost of the granite had largely consolidated;
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or (2) that the rare cutting of skarnm by granite is a purely loeal
phenomenon, not entirely ia phase with the main consolidation of the
granite masses; or (3) that the skarns bave indeed Deen deformed,
recrystallized, or even reconstituted without leaving any recognizable
sign of these happeaings., At the moment, the writer favors the first
possibility.

Once the skaras had been developed (and partly eariched in iren)
end the heterogemeous microcline granite gneiss had formed, both rocks
wvere-~in especially favorable siteseemodified by introduction of quarts,
potash feldspar, fluorite, barite, smd (looslly) scapolite or spessartite.
This modification was bighly localized and quantitatively insiganificant,
as it affected Just two major deposits of magnetite and is found elsee
vhere only in traces, Hxtensive modification of skarm in this charactere
istic way took pM only where the skarn was enclosed in micrecline
granite gneiss. _/ Initially, small masses and veinlete of granite pege

] Skara elose to alaskite snd far removed from microcline gramite
gneiss has been modified locally, especially to scapolite~fluoritee
garnetepyroxene skarn, Msgnetite is not kmowa to ocour in quantity
in this type of skarn associsted with alaskite,

mttite, syenite pegmatite, and quarts were iztroduced. From these
sites, intense local replacement of skara took place, giving modified
skarns of the Trembley Mountain type. At one place (Parish deposit),
the microcline granite gneiss itself was modified ia a very similar way.
The type of modification described sbove represents a contimuation (or
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renewval) of the same process that developed all the microgclirze gramite
gneisses of the district, but the small mumber of magnetite denosites
in modified rocks wust agaia be emphasized.

At sites favorable because of their structure and their proximity
to the supply of metasomatizizg solutioms, the skaras were subjected
to the progressive introduction of more iroa. Imitislly, iron was sude
stituted within the silicate lattice of diopside, producing salites and
ferrosalites, Vhere the sppropriate concemtrations of volatiles existed,
pyroxenss were locally replaced by amphiboles or by micas., Local access
of ¥e*3 (porhaps merely local oxidation of Fe*Z) permitted the develope
-;nt of andraditic skaran. At some appropriste but uskmowa pressure,
teaperature, and degree of comcentratiom, the silicates could mo lomger
accommodate all the Fe within their lattices; at that stage, magnetite
whs precipitated, closely followed by & series of simple sulfides, minor
in quantity.

Very similar processes, looally affecting diotitic or sillimanitic
microcline granite gneise, resulted in the formaticn of magaetite do-
posits in those racks, Perbaps the local development of hematite in the
granite gneiss ores (represeating sa incressed oxidation state of the Te)
is analogous to the local developmeat of andradite im the skarae, vhere
primary hematite is lacking, A comparisom of tho processes at work in
skarane and gronite gneisses is given below,

Progressive decrease ia the concentration of Fe, decreasing tempera-
ture, and a change in the charscter of the metasomatising solutions
towards dilute water-rich fluld led to local alterstioa of ore and wall
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rocks., This alteration was generally weak in the skearm ores and marked
in granite guelss ores asnd modified ores of both types. Its most cone
spicuous result was the partial leaching of ores aad immediste wall rocks,
followed by the deposition of hydrous silicates, calcite, and sporadic
base-metal sulfides,

At some later date (possibly im late pre-Cambriss time), e few of
the deposits were faulted, 5till later, fanlts, joiate, and permeabdle
rock unite conveyed surface waters dowaward, yielding local massee of
earthy hematite, dull-greea chlorite, and minor caleite, jasper, snd

pyrite,

Comparison of skara ores and granite gneiss ores

The skarn ores and granite gnelss ores, outwardly so dissimilar,
have many features in common, Both are relatively nontitaniferous ores
vith magnetite ae the principal ore mineral. They ooccur together not
only ia the same district but evem in the same deposit, though in the
latter case they do mot usually earry equal conceatrations of maganetite,
Their temporal relations are the same! Dboth are postepegmatite and
postedeformation, Their absolute ages are roughly the same: 1,300
million yesrs for Jayville (skara type) and 1,200 million years for
Renson Mines (granite gmeiss type). /[Frelimimary determimations of the
age by P. M. Burley; letter to A, ¥, Buddingten, 1942, These ages
agree closely with PbeTh sige determinations givem by Sheudb (1940) and
Marble (1943) for Adirondack pegmatite -honllj Both types of dee
posit are conformable replacements with local transgressive relations,
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Magnetite from both types of deposit showe the same exsolution phemomena,
Both types bave essentially the same suite of scoompeaying sulfides,
arranged ia the sape paragenetic sequence. The mamner in which metalliss
replace the host rock is the same in both types of deposit,

If one considers a lonj; caough spaa ia the history of both types
of deposit, ome finds that the same chemical substances have bdeen introe
duced into both, The absolute quantities and their preportions were very
different, sad the stage at which a given element appeared may have beenm
different. Certainly the mammer in which the elsuente® were conceantrated
was oftem very differeat, These comments are speculstive, amnd much more
work nesds to de done before even the preliminary results can be pree
sented in orderly fashion, Table 5 Delow is eatirely & gualitative exe
pression, Actually, toreach & fair quantitetive expression would be
extremely difficult, principally because metasomatism affected two come
pletely differeat "source rocks" im very different conmcentrations.

The behavior of K and Al is especially interesting, In the skaras,
these elements entered more and more into the hﬁlco of the pyroxenes
and their successors, amphidoles snd micas. (See discussion of skaras.)
In the granite gnelisses, however, K and Al developed preponderaatly as
potash feldspar, Ba, relatively insignificant in ummodified skaras,
concentrated with K and Al in the granite gneiss ores and in modified
ores of both types,

Relation of megnetite deposits to younger granites

The space relations of magnetite deposits to younger granites has
been described adbove. (Bee section on gemeral geology of the distriet.)

L



Table 5. ZRlements introduced im skara ores snd granite gneiss ores.
(Comparison is only sualitative.)

Element
_Skara ores _Granite gneiss ores
81 Pyroxeme, garmet, amphibole, mica; Quarts, potash feldspar
scapolite and feldspar ia local
modified skara. (Iaitisl introduc~
tion; subsequent partial removal.)
k1 Dark skara minerals; exsolution or  Blotite; exsolution in irea
* solid solution ia magnetite; spheme oxides; solid selution ia
; in local modified skara hematite?
Al Dark skara silicates; feldspar ia Potash feldspar, sillimanite,
local modified skara biotite
Petd Magnetite; dark skarm silicates, Iron oxides, especially hemse
especislly andradite tite; diotite
Fe*2 Megastite; dark skara silicates Iron oxides; biotite
Mn Dark skarn silicates; magnetite! Spessartitic almendite; irem
oxides?
Mg Initislly introduced? LAKGELY REMOVED
Ca LARGELY KEMOVED
Na Scapolite in local modified skarn Potash feldspar., LARGELY REMOVED
Ba Micas (very slight) Potash feldspar, barite
k Dark skara silicates, esp. ferro- Potash feldspar, dlotite
hastingeite and micas; potash feld-
spar in local modified skarns
OR Amphidoles, micas. Late hydrothermal Biotite, sericite. Late
sinerals (1ittle) hydrothernal minerale (con=
sideradble)
fnz ’ LARGELY REMOVED
b Apatite Apatite
§ Sulfides; 'scapolite in local Sulfides, barite
modified skara
¥ Fluorite, amphiboles, mica, spatite Apatite, biotite, fluorite
ol . y . Mainly (1) as 100;1 scepolite
3 Vonsenite, datolite (both locsl) Tourmaline (local)
Ce ~Allenite; monasite (1) Allanite; monssite (1)
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Inssmuch as concentrations of magnetite have not deen found im horablendes
microperthite granite far removed from alaskite or microcline granite
gneiss, it seems ressonasdle to rule out hormblende-microperthite granite
as an immediate source of irom-rich emanations. However, the relation
of unmodified deposits to alaskite and microcline granite gneiss is,

in some places, equivocal. The writer believes that most skarn deposits
(and perhaps all of them) are genetically related to alaskite. How-
ever, the granite gneiss deposits are related to their host, tw one
cannot rule out the possibility that alaskite (always ocourring u‘u
them) was also essentisl for the occurrence of ore in the granite gneiss,
The restriction of modified deposits of both types to ¢lose association
with uéroouuo granite gneiss strongly suggests a genetic conmection
vith that rock, though again alaskite cannot be entirely excluded,

The writer believes that both alaskite and microcline granite gneles
were capable of contributing ironerich emanations. Both appear to de
the product of volstile-eariched magmas developed by differentiation
of the magms that ylelded bhornblende=microperthite granite, It seems
as reasonable to suppose that both volatile-emriched, siliceous, potashe
rich residus were locally capable of emitting iroa-rich emenations as
to supposs that only ome of them could do so, It is at present quuo‘
beyond the capabilities of our knovledge to prove that any granitic
mague 414 yleld magnetite deposits of the type found in this district,
However, the development of ferrobastingsite (high in Fe, ¥, OB) inm
the microperthite granites, locally quarts-rich; the rolntlvi enrich-
ment in Fe shown by amalyzed alaskites and microcline granite gneisses
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of the district; the presence of biotite and accessory fluorite in the
alaskites; the field relations of the alaskites and miorocline granite
gneisses; the concentration of Pe, 51, ¥, OH, and other elements in the
magnetite deporits; and the areal distribution of the magnetite deposits
themselves: all these are, to the writer, strongly suggestive that a
granitic magus concentrsted Fe, (loeal Ma), $i, alkalles, volatiles,
and other constitueats that escaped isto structurally favoradle sites
and yielded ore deposits,

Perhaps the chief dhptutha between the material that crystallised
as alaskite and the material that formed microcline granite gneiss was
the relative concentration of individual volatile comstitueats (in
particular, more ¥ in alaskite, &nd wmore OH in -imonu granite?),
the order in which these escaped, sad the exteat to which the emanations
were modified by what they “ in contact with., So far as ve now know,
Ba and ¥n were concentrated with the emanations givem off by the material
that yielded microcline granite gneiss deposits,

It is possible, of course, Shat the emanations that yielded magne-
tite deposits came from & deep source relsted to the magma that yielded
all the younger granitic rocks, If this were so, the remarkable space
relations of ores with alaskite or microcline granite mhu would be
aven mores difficult to explaina,

Character of the metasomatizing solutions
Unlike some areas containing skara deposits, _/ the St, Lawrence

J In this regard, one sometimes wonders how much pale fluofite
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has been overlooked in other districts, Mach of the fluorite ia the

St. Lewrence County skarms, skols, and ores of all types is colorless,
pale-green, or pinkish, and rether fine grained. HMegzacopieally,

the colorless, gramular stuff is likely to be mistaken for gquarts, the
greenish fluorite for apatite, 2nd the piakish fluorite for microcline,
Purple fluorite is not rare, dut the other warieties are much more common,

County district has preserved ample evidence of the former existence of
‘minernlisers”, Sigas of theee mineralisers are preserved at individusl
magnetite deposits of all types, as well as in the granitic rocks that
are regarded as sources of the metasomatizing solutions, As is commonly
the case, the quantity of mineralisers preserved at & given deposit is
not always proportionmal to the quantity of Pe, 5i and other elements
that apparently were introduced. However, this does not mean that the
mineralizers were always deficient; at several deposits, the preserved
mineralisers now locked wp ia ONe, ¥~ (Qle, P-, §09=, and Bebearing
minerals are more than sdequate to have transported all the heavier
introduced elements vith which they are sssociated. Also, it is quite
impossidle to estimate the quantity of mimeralisers (and heavier elements)
that may have swept out of the gramitic rocks and through the host rocks
without being fixed, If, for exauple, we assume that as much ¥ escaped
from alaskite as is nov fixed in the form of accessory fluorite (giving
ca. 0.2 percent F in typical amalyzed slaskites), and if we make very
lideral assumptions regarding the total quantity of irem oxides in the
district, we find that there is roughly two to three times as much
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alaskite present as would have beem required to transport all the Fe
in the form of fluorides slome. This does not mean that ¥ wes the
only mineralizer or evem necessarily the chief one, or that alaskite
wae the exclusive source of all slements introduced, It is merely
& very crude yardstick to measure the quantitative sigaificence of
one mineyaliser that has left its mark upon the district.

vVhat the character and composition of the metasomatizing solu~
tions were, we ou only guess, The mineral nssocistions and their se-
quence of development suggest that the solutions were initially
fpneumatolytic”, passing with decreasing temperature sad changing cone
centration into dilute hydrothersal solutioas. At first, the concen~
tration of ¥ was probadly high; with it were 01, P, 504, ON, sad (1ecally)
mich B, The grester quantity of Febearing minerals in the skarns suggests
that the -ni»aon (chiefly from alaskite) that formed the skarams and
their ores were richer in F than emsnations that yielded granite gnelss
ores, The latter probably were higher in OH, P, and IO,.

Perhaps at the magnetite-depositing stage, the solutions had ale
ready become substentially hydrous. Ironepoor phlogopites from skaras
are rich in ¥ and relatively poor ia OH, whereas Fe-rich bilotites ine
timately sssocisted with magnetite are Ol-rich and relatively yoor ia 7.

The various mechanisws for transporting Fe as halides, hydroxids
hydrosols, oxides, and the like, are discussed and illustrated by iIskels
(1939, pp. 372, 384), Geijer (1925, p. 687), Shend (1947, p. 633)

[but ses Holser (1950. p. 1080)7, and many otbers, Restating the equa-
tions and argumsnts serves no useful purpose here,
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The presence of primery hematite in the granite gneiss ores re-
quires oxidation of Fe relative to thet required for the developmesmt
of magnetite. Primary hematite in magnetite deposites of the district
is confined exclusively to K~rich rocke--the granite gneiss ores and
their modified equivalent, Moreover, Buddington (persenal commmication)
finds that the disseminated, accessory irom oxide of 2ll the microcline
granite gneisses of the district is hematite, not magnetite., The writer
bolieves thst the development of hematite in these rocks is chiefly a
consequence of their alksline envirenment, Masom (1543a, p, 128)
notes that the oxidation of Fe*2 to Fet? takes place much more resdily
in alksline than ia meutral or acid solutions, and it seems likely
that the extreme concentration of alkalis in the forms of K, assisted
by OH, was responsidle for most or &ll of this oxidation,

Several othervise msiha features of the magnetite deposits are
explicable in this light, Skera ores, which lack prisary hematite,
may have come from solutions too scid (i.e., t00 high in F) to oxidise
all the ¥e required for hematite at the stage favorable for the precipitae
tion of Fe oxides, (In some districts, however, oxidation of ¥e by
halides ian the presence of water vapor has been inferred as the mechanism
for developing pmeunatolytic specularite deposits.) Vori modest and
local Fe oxidation inm skarns, reflected in sporadic martite, took place
well after the megnotite had formed; it may bave resulted from increasing
alkalinity of the solutions in the waning stages of mimeralisation,

The absence of primary hematite frow the Trembley Mountain deposit
(skara modified by K-rich emamations before magnetite deposition),
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vhere one mey infer an alkaline charscter for the solutions or for the
host rock, must have required action by some reducing agent. If any 00
were liberated during metasomatism of the enclowsing marbles, and were
etill effective at the time of magnetite mineralisation, that might have
served as the reducing agent.

The prevalence of aa alksline environment for the granite gnelss
ores makes one wonder why there are any gagpstite deposits ia microcline
granite gneiss, particularly whan these rocke $ypically have hematite
a8 & "regional® accessory mimeral. Perhaps the controlling factor was
simply the concentration of FPe*2, Or the P (represented by ubiquitous
apatite) aad F (inm apatite, micss, snc sporadic fluovite) say have been
of an appropriate concentration at an apprepriate stage to prevent cow~
plete oxidetion of the 70*!,

For these and many other questions, there is now mo certaia answer.

All the writer caa offer is a few suggestions,

Temperature of formation of magnetite deposits

Little evidence is &t hand for estimating the temperature at which
the magnetite formed in the ore deposits., The suite of early-formed,
associated minerals--both nonmetallic and metallic--is typieal of high-
temperature replacemeat deposits., MNagnetite and primary hemetite from
the ore deposits characteristically show less exsolved ilmenite than one
finds in nsgnetite and primsry hematite disseminated in tho couvatry rocks.
This suggests that the irom oxides in the ore depcsits formed at somsvhat
lower temperature than accessory irem oxides im country rock.
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Bxsolution festures in the sulfides give winimum temperatures for
erystallization of bornite and sphalerite. Nornite from the Parish de-
posit (modified granite gneiss ore) has exsolution bodies of chaloow
pyrite. Schwartz (1931, p. 200) gives 475° C. as the minimum temperature
of formation for such intergrowths, Some sphalerite I from Trembley
Mountain (modified skara ore) and Jarvie Bridge (granite gneiss ore)
shows exsolution bodies of chalcopyrite, Duerger (1934, p, 530) gives
350-400° 0. as & range for the minimum tempesature of formation of
such intergrowths. The tesperature of forymtion of sphalerite from
other types of deposit is umkmown. Sphalerite is very sparse in
skarn ores and in the Parish deposit; s¢ far, none of the mimute grains
has been found to contain exsolved clinlcopyrite. When so few grains of
sphalerite are available for inspection, however, the apparent lack of
exsolution phenomena has no significance.

The minimum temperstures indicated by imtergrowths in bormite
and sphalerite agree very well with & hypothermal temperature (400° ¢,
or more) inferred from the parageneses, As the sulfides are distinctly
younger thaa magnetite, it seems safe to infer a temperature of 500° 0,
or higher (at least more than 475° 0.) for the initial deposition of
magnetite,

Sphalerite of stage Il never shows exsolved chalcopyrite, indieating
that this generation of sphalerite formed 2t a tempersture bdelow 350-
500° C. The association of sphalerite II with the seolites and calcite
actually suggests & considersbly lower temperature for this waning stage

of mineralisation,
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The depth at which the deposits formed is entirely usimown. It
aust have Deen considersble., Depthe of several miles have been sug-
gested for the initial stage of mineralization for deposits having
similar characteristics.

Other hypotheeses

Igreous source of the ireme nomehypothermsl emplacement

- A magmatic or spimagmstic source of Fe has beean postulated for
some nontitaniferous magaetite deposits, as well as for titamiferous
ones. Vogt (1907, 1910), for ezample, regarded & musber of Norwegian
magnetite depoeites ne magmatic segregations, aand et times some of the
Adirondack deposits have been 90 regarded (Kemp, 1910). Geijer (1931)
has postulsted am epimagmatic origin for the Kiruma deposits and the
apatite-rich (Orangesberg) type of nontitaniferous megnetite found
locally in Central Sweden. (He included, in his stimulating discussion
of the "Kiruma type", the Mineville~Port Henry deposits of the esstern
Adirondacks,) The extensive evidence of replacement showa by all types
of nontitaniferous magnetite doposits in the 5t. Lawreace County dise
trict clearly sets them apars from sagmetic segregations and epimagmatic
deposits, and such modes of origim canmot seriously be moim for
these ores, ;

Por cartain skarm deposits of the Central Svedish district, Mag-
meenen (1925, 1930, 1940a, 19400, sud otrers) has inferred & complex
origin, The skaras are closely assccisted with the leptite formation,
Bov regarded as suprecrustal volcanic rocks with interbedded metasedi-
ments. This association of ores with the leptites, together with the
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occurrenca of some fine-grained skara magnetite suggestive of colloidel
doposition, led Magnusson to believe that the uka.li ores were initially
deporited at lov temperature from solutione derived from the volcanic
members of the leptite formation. The oﬁt were subsequently wmetamor=
phosed at 'huh temperczture axd pressure and in places re-mineralized,

80 that they now eppear ss high-temperature deposits. Reaction meta-
morphism has played = dominent role in giving the depoeits their present
character. Vevertheless {(and this le Leopard's interjection), the
initisl source wvas igneous--volesmie. Geijer (1923, 1927, 1936, 1939)
has inthe p2at argued cozvincingly that t& skara ores are essentially
pyrometasomatic deoposites formed by volntile-rich excnations stemming
from granites that intrude the leptite formation. In his view, muga
wetamorphism has played a minor part in developing these ore depceits.
The writer is very hestitant to comment on the current status of the
problem, for the most recent mad therough exposition by both men is
entirely in Swedlsh (Geijer sad Magmusson, 1944), a langusge with which
the writer i3 still not quite at home, As there is m evidence of the
former existence of supracrustal volesalc rocks inthe 5t. Lawrence
County district, it seems uanecessary te ceasider a voleanic source

for the ore deposits of the district.

Metasedimentary origin
Derivation of the Adirondsck magnecites by intense metamorphiem
of sedimentary irom ores has basn sdvocated by some men, receatly smd
publicly by Gilltes (1950, pp. B5-86), R. J. Linney (1943, p. 488), and
Valker (1943, p, 520-=for Parish deposit), and privately by many others,
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(See also Nason, 1922; and discussions by Miller, 1922, and Newland, -
1923.) The argument applies particularly to the folisted graanite gneise
ores, It is especially appealing because of the wide distridutien in
the late pre-Cambrian of iron formations of the Lake Superier type.

Yor convenience, ve may divide the sedimentary iron ores into twe
bmoad types, nompyritic aad pyritic, and coneidsr each separately,

The mempyritic ores are of three maia typee: Ddanded siliceous ores,
banded carbonate ores (both representsad in the low-grades "iron formas=
tions” of the iate pre-Cambrisn), and generrlly oblitic ores (chiefly
of Urdovicism, Silurisa, sad Jurassic age). ’

Two main lines of evidence bear sguirest a metssedimentary origia
for the magnetite deposits of the 5t. Lawrence Coumty district., First
is the complete absence from the entire northwest Adiroadacks of any-
thing resembling the known sedimentary irem ores, Second is the cone
traet between the chemicsl comwposition, paragemetic sequence, dietribusion,
and fabric of the St. lLawrence County ores and the highly metamorphosed
equivalent of demonstrably sedimentary iroa om;

Novhere in the wast and vwell~exposed area of the Grenville lLowe
lands is tion aaything resexzbling a sedipentary irom formation. Metae
sedinmentary rocks constitute sbout 75 percent of this area., All types
rcpniui“ there also coeur in the 5t, Lawrence County megnetite district,
withia the dominantly igneous complex, It does not seem reasonable
that highly wnetamorphosed iroan forzations should appear as magnetite
deposits within the dominantly igneous complex whem no sige of similar
magnetite deposits er sedimentary irea formations has been Tound in the
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Lowlands, where better exposures and a far greater proportion of
originally sedimentary material are available for study. It is true
that & belt of hematite deposits, ia M earrying specularite, is fouad
in the Lowlands aad foothills close 1o the dominantly igncous masesif,
However, these deposits are supergens, derived from deep weathering of
sulfide-bearing rocks (Buddingten, 1934, pp. 194-202; Browm, 1936b,

pp. 331=354).

Sedimentary iroa cres that have been regionally metamerphosed te
a slight or moderate degree are well exemplified by the Goulais Hiver
irom range, district of Algems, Ontario (Moore and irmstrong, 1948,
™pe 7=36). In an area where metsmorphosed volcsnic rocke predominate,
& banded-gilica irom formation of Keewatia (pre-~Cambrian) sge has been
intensely folded, recrystallized, and partly reconstituted to a fine,
lamineted quartz-msgnetite rock with & little actinelite, horadleands,
or grinerite. A few lsyers of red jssper have been preserved. The
iron formetion lo cut Uy dikes of diabase and by dikes sné stooks of
granite and porphyry.

Aan excellent petrclogic study of banded iren formations meta-
morphosed under low-grade and high-grade conditions in Westera Australis
has been made by Miles (1946).

Yew geologists would sxpect to find iron formstions preserving
their customary low.grade metamorphic and sedimentary features in an
area such as the 5¢, lLawrence County district, where granitic rocks
predominate and regiontl dynsmethermal wetamorphism of rather high
grade has affected much of the country rock, However, seversl aress of
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similar old pre-Cambrisn rocks (or highly metamorphosed early Paleo=
soic rocks) contain magnetite or hematite deposits whose sedimentary
origin seems well established. JNotable among thete are the Sydvaranger
deposits, northern Norwvay (Oeijer, 1911); deposits at the Hana mines,
Dunderlandsdal, northern Horway (Bugge, 1948); deposits in the HEfjell
syncline, Ofoten, northern Norway (Foslie, 1949); and deposits of the
Striderg type, central Sweden (Hjelmgvist, 1942), _

The Sydvaranger, Striberg, and parte of the Ofoten oree are very
similar, All are low-grade quarts-banded ores found in highly~-folded
areas where granitic rocks are abundant sad the degree of metamorphism
is rather uniformly high., The Striberg ores are of old preeCanbrian
age. The current interpretation of the age of the Sydvaranger ores is
unknown to thie writer, The character and composition of the ores ‘
is strongly suggestive of n derivation from siliceous iron formstions
of the Lake Superior types. (Of. analyses of taconites given iv Gruner,
1946.)

The ore at Sydvaranger (Oeijer, 1911) is s finely-banded or
stratified quartz-magnetite rock with a little greem hornblende and
(locally) red garmet and "dlopside’. The magnetite layers are thin and
sharp, aversging ca., 2 mm thick. They are remerkably contimuous along
the strike; layers 0.5 mm thick can be followed for 10 meters, Contacts
betwveen ore and barren, unstratified wall rock are sharp and concordant.
The wall rocks are gemerally biotlwanmQ gneiss ("leptite")
and microcline granite. Dikes of spliie, 'bnmuto, end diadase cut
the ore. The ores were earlier interpreted as magmatic by Vogt and by

$8gren, Geijer interprets them as metamorphosed silica-rich sedimentary ores,
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The main ore type at Striderg (Hjelmqvist, 1942) is quartz-banded
bematite ore with local andradite, epidote, apatite, and allanite.
The ore is very regularly banded in layers 1-10 mm thick. Some magnetite
is present more or less throughout; it develops from hematite near
quarts and pegmatite veins, near skols, in pinches, and at the borders
of ore bodies, Locally, sesly hemetite ore (Asboberg type) snd compact,
granular hematite ore are presest. In addition, suberdinate skarn de-
posits of magnetite and sulfides are found in the dlstrict, leeally in
close association with the quarts-banded hematite ores., The surrounding
terrain is mede up of leptites (predominantly sodic), with suberdinate
limestone and amphibelite, "Urgranites® are not exposed. Hjelmgvist
believes that the quarts~banded ores are metamorphosed silica-rich sedie
mentary ores. Loocal skarn ores ln”‘ developed by reaction metamorphism,
but some larger skaran deposits appear to have formed by metasomatism
of limestone, |

Metamorphosed sedimentary oree of marine origin and presumed Cambro-
Silurian age are found at Ofeten (Foslie, 1949), where they occur inm
rocks metsmorphosed in the high~temperature part of the epidote-amphibolite
facies, The ores are of two types. The HRfJell type, partly rich in
¥n, 18 & mixture of hematite and magnetite with manganccaleite, and
(1oeally) grinerite and spessartite, The silicates have formed as local
resction 'lhﬂl. Magnetite i always younger than the hematite, The
SJAf jell type contains magnetite but no hematite; ores are quartse
banded, aukerite-banded, or non-banded and grinerite~rich, with local

garnet.
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Somewbat similar ores, presumably of Cambrian or Ordovician age,
are found at Rana, Dunderlsndsdal (Pugge, 1948). These metasedimentary
ores are nonmanganiferous and mineralogically rather more complex,

Three types of ore are recognized! magnetits, hematite, snd mixed
magnetite-hematite, The iron oxides are usually mccompanied by cuarts,
oaleite, dark silicates, and (rarely) a little seid plagioclase,
Chemically the ores are much more similar to ores of the Clinton type
than to taconites, This seems entirely reasonable, in view of the early
Paleozoic age iznferred for the Rans ores.

Ia all the ocourrences summarized above, lowegrade ores of demone
strably sedimentary affinities are found in areas of rather highegrade
metamorphic rocks, aftea ia close association with K-rich or ¥a-rich
rocks of granitic composition and varisble origin. The ores are highly
folded and their constituents have been partly reconstituted during metas
morphism at elevated temperature and great depth, yet in these terrains
of alkalic rocks the ores are uniforaly low or lacking in alkalis, Their
chemical composition is in no way comparsble to that of ores from the
St. lLawrence County district, though local gquartzose ores (derived by
modification of skarn or granite gneiss) are found in very subordinate
smounte in the district. Where magnetite and hematite are found in the
Swedish and Norwegian ores described above, magnetite is distinotly
younger., Sulfides, if preseat at all, are commonly of later and unree
lated introduction, MNost of the ores are promineatly, very regularly,
and very thinly layered. Contacts with wall rocks are generally sharp,
the iron oxides show no evidence of having replsaced country rock, and
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the ore bedies do mot transgress the structure of their host or wall
rocks. The depotits give every evidence of being the expectable metos
morphic equivalent of sedimentery iren ores, but only by the severest
straining of snalogy can these metasedimentary ores be compared to
granite gneiss ores of the St., lLawrence Couanty distriat,

The Ofoten ores are significant ia still another way. Both
sakeritesmagnetite ores and manganocalcite-hematiteemagnetite ores
have preserved much of their primary csrbonate, This carbonate has,
of course, been reorystallized, dut enly a limited part of it has been
reconstituted by resction metamorphism even under the temperatures
and pressures prevailing ia the upper part of the eplidote-amphibolite
facies, These facts suggest to the writer that primary iron carbonate
cannot have been the source of skarn ores in the 5t, Lawrence County
dietrict, where conditions of temperature and pressure were not & great
deal higher than at Ofoten, One might argue, however, that a mixed
iron oxideeiron carbonate sediment had been extensively metsasomatised
by K- and Si-rich Qaltio” to yield the granite gneiss ores of the
$t., lawrence County distriect. Such an argument would of necessity
overlook the nonexistence of relics of the supposed unn_-ur: ore,
the contemporaneity of magnetite and hematite in the granite gneiss
ores, the present fabric of the ores, their transgressive relation,
and the relation of the deposits to thelr regional setting.

In times past, & sedimentary origin has been postulated for the
pyrite and pyrrhotite deposits of the Grenville lowlands, A brief re-
viev of earlier ideas is given by Puddingten (1934, p. 214), who cone



curred with Smyth (1912) that the deposits were hypogene. Much chlorite
was introduced with the sulfides as replacements aleng sheared zones

in the migmatitic biotiteeguarts-feldspar gneies., Some geclogists,
viewing the iron sulfide deposits as metasedimentary, might regard the
graonite gneiss ores of the St. Lavrence County district as the more
highly metamorphosed, oxidized sguivaleant of the irom sulfide deposits,
It is true that bdoth types have roughly the same Fe conteat, but

thie might 28 easily be used as an argument that hypogene Fe~bearing
solutions of roughly eguivalent Fe content, coming from a comwon source,
affected rocks in two different environments, Regardless of their origin,
the iron sulfide deposits can hardly be viewed as the less metamorphosed
equivalent of the granite gneiss ores; the irom sulfide deposits theme
selves are younger than the latest granite pegmatites of the district,
snd there is no evidence of subsequent metamerphisme-particularly of &
kind adequate to convert the iron sulfides to magnetite and "primary"®
hematite,

Transfer of material from the country rock
Local transfer of material

Miller (1919, 1921, 1922, 1926) developed the npoui-s- that the
Lyon muu magnetite deposits originated from the action of intrusive
granite on older metagabbro. Highly fluid residua of the granite, sime
ilar to the materinl that ylelded cuartz and pegmatite veins, removed
Fe from the gadbbros that the granite intruded and incorporated, Some
of the Ve came from disseminated magnetite in the gabbro, but most of the
Fe came from the conversion of hypersthene and hornblende of the gabdre
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into slightly less ferriferous clinepyroxene, The Ti originslly

present in the gabdbro did not enter the new-formed magnetite; it formed
accessory sphene, Newland (1920) pointed out the gquantitative insde
equacy of the process envisioned by Miller. To Newland's argument might
be added the statement that much of the rock termed "gadbro" by Miller

is pyroxene skarn and related metasedimentary rocks., MNiller's hypothesis
is not applicable to the St. lLawrence County district, for amphibolite,
metagabbro, and their granitized equivalent--hornblende-microcline granite
gneiss--are found in negigible amounts near the ore bodies. Noreover,
the pyroxene of the accompanying Grenville rocks has suffered an introe
duction of Te, not a removal of that element, near the magnetite deposits.
Hence pyroxene from the metasediments can scarcely have served as a

source of Fe for the develepment of magnetite.

Reaction metamorphism snd metamorphic hybridism

Over the years, Magnusson (1925, 1929, 1930, 1940s, 1940b) has
developed the concept of resction metemorphism in its relation to the
origin of Swedish skarn ores., He believes that the skarn deposite
of magnetite originally formed a¢ low-temperature colloidal replacements
of limestone by very fine-grained irom oxides, The replacing agents
emannted from the volcanic members of the leptite formation, with which
the skarn ores sre closely associasted, The manganese present in cm
ores _/ belongs to this same period of mineralisation. Quarte-bended

_J The manganese in Swedish ores is chiefly in knebelite, an olivine;
but it is also found in pyroxene, amphiboles, and (in some deposits) garnets,
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iron ores accompany some of the skara ores. The present character of
the depoeits is due meinly to regional metamorphism of later date.
During this metamorphism, local (1) transfer of material took pluce
among leptites, limestones, 2nd early-formed iren ores, developing high-
temperature mineral assemblages in skeras formed by reaction (reconsti-
tution). Subsequently, Mg-F metasomatism has affected the skarne locally,
developing tremolite, diopside, and phlogopite from earlier Fe-rich
silicates, Sulfide mineralisation is related to the pariod of Mg~
metasomatism and intrusion of “urgranites” (old granites), rather than
to the early stage of magnetite mineralisation ssssciated with leptites,
The ares has also bDeen intruded by younger granites (and other recks);
pegmatites derived from the younger granites have in some places modi-
fied the older skarns and introduced wolframite, scheelite, and & new
generation of sulfides, Magnuseon himself stresses the importance of
resction metamorphism in developing the sikarn ores, Oeijer (1923, 1927,
1931, 1936, 1939) has meintained a very different view, According te
bim the skarn, irom ores, and sulfides sare closely-related pyrometa=
sometic deposits produced by emanations from the “urgranites®.

Small bodies of magnetite with a little sulfides are found in
dolomite, tremolite skarn, and actinoliteechlorite schist at the cone
tact between dolomite and phyllite in the Karelian rocks of North Bothnias,
Pinland. Mikkela (1947) interprets the msgnetite and skarn as the re-
sult of metamorphic reaction detween phyliite and dolomite., The absence
of minerals suggestive of pyrometasomatic or hydrothermal processes, the
absence of ulﬂy intrusives, and the chemical character of the ore rule
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out & hypogene source, according to Mikkola, He believes the phyllites,
loeally iren-rich, acquired their irom by volcanic processes scting
during the deposition of the phyllites. This fren wae later concentrated
in the dolomite-phyllite contact zone, possibly () in connection with
the intrusion of )ut-bnun granites,

Some laminae of dark silicates in metasedimentary pyroxene gneisses
and gramulites of the St, Lawrence Couaty district may have formed
by reaction metamorphism and metasorphic differentiation. Some of the
quarts-rich rocks in modified skarn at Trembley Nountain mey have had &
similar origin., However, the writer dues not believe that reaction
metamorphism of the kind inferred by lagnusson has ylelded any major skarn
layer or magnetite deposit in the district,

Regional transfer of material

Basic fronts

The development of "basic fronts® as an essential forerunner of ad-
vancing granitiszation might be reguried by some geologiste as a suitadle
mechanism for developing the skarns and magnetite deposits of the dise
trict. (See, for example, Reynolds, 1946.) However, it appesrs that the
paxisum concentration of granites and the maximum concentration of mafic
material have both advanced to the same plane in this area, Relative
to the neighboring Grenville Lowlands, rocks of the magnetite dietrict
show & marked increase in Fe--in dark skerns, in magnetite deposits,
and in dissemineted mcceesory iron oxides. Relstive to the Lovlands,
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the magnetite district alse shows an abrupt increase in the proportion
of granitic rocke. If advancing K, (Na), and Al fons must--to make room
for themselves-epush out Fe¢, ¥n, and Mg lons, the slkalic snd aluminous
constituente of the St. Lawrence County district must now be quite une
comfortable in sharing the same menage vith the erstwhile resistors

of their heated attack,

Metasomrtic exchange

¥While the soexistence of Fe-rich materiel and the major areas of
granite is entirely inconeistent with the concept of the "basic fromt",
it night be explained by Barth's development of the ides of metasomatic
exchange, Accordirg to Barth (unpublished MS), this type of metasomatienm
by ionic exchange requires that, as the "injected ions" make their way
inte the country rock and transform it, the "rejected ions" move away
and toward the source of the injected lons. The "rejected ions" thus
make up the losn in lons suffered by the dpletion of the ionic source.
If so, sccording to Barth, the "rejected ions® of Pe, Mg, etc., will
probadly disappear downward, and, we might add, if the "rejected ions"
disappear downward they would become available for subsequent pneuss-
tolytic or hydrothermal transport aand emplacement, (G0f, Landergren,
1948, on the need for exogene concentration of Fe.)

Let ue sssume for the moment that such an lonic exchange might
limve occurred in the 5t. lawrence County distriet. Amphibolite and
metagabbro will have to de ruled out as a source of Fe; they are sparee
in the neighborhood of the magnetite deposits, and their granitised
eqiivalent-ehornblende-microcline granite gneiss-eis extremely rare near
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the deposite. Pyroxene gneiss is initially Feepoor and can therefore be
eliminated, Biotite-quarts-plagioclase gneiss is the only possible con-
tributor left among the metasediments. It seems & reasonable source of
Fe, for it is intimately associated with all the granite gneiss ores.

If we calculate the "standard cells" (Barth, 1948) for dlotites
quarts-plagioclase gneiss, 1ts granitised equivalent (blotite-microcline
granite gneiss and sillimaniteemicrocline granite gneiss), and typieal
granite miul ore, we find that the net change produced by converting
the metasedimentary who to granitic gneisses liderates a very small
amount of Fe (0.6 Fe*2 ion per standard cell). For the district as a
vhole, the known volu.i of blotite gneiss and its granitiszed equivalent
are of the right order of magnitude to yield the inferred volume of ore.
However, the guantity of Fe liberated in any one place is so small that
the Fe would have to travel several miles in order to form megnetite
deposits of moderate size, and tens of miles to form a deposit as large
as Benson Mines, The likelibood is slight that such an extended migree
tion could take place by diffusion in the solid state; the diffusion rate
for Nay0, & rapidly moving substance, is only 1,000 feet (300 ) 4z 3
billien years at a temperature of 700° C. (Jagitsch, 1949), dEven if the
return of ¥e to a deep source could be alded by some fluid medium, snd
even if the Fe could then be re-introduced through the agency of vola=
tiles, the total distance treveled by the rejected Fe ions would be very
great, In contrast, Fe expeélled from cooling magms and carried by vola-
tiles emitted by that magma would have to move & mile 8% most-egenerally
less than 1,000 to 1,500 feet-=to pass from the magms to its locus of

deposition,



Different levels of erosion

Some geologists have suggested that the magnetite deposits of the
district are exposed at an entirely differeant, and much W. level
of erosion thea the pyritic sphalerite and iron sulfide deposite to the
west. Processes of ore formation may have been entirely different at
these two levels, However, equivalent rocks of the twe areas belong to
the same generel regional metamorphic grade and exhibit similar patterns
of deformation, There is no profound contrast, as between the greea
schist facies and the granulite facles, for example. Mereover, sporadic
sphalerite with exsolved chalcopyrite occurs in the magnetite deposite
themselves, as well as in the pyritic sphalerite deposits, suggesting
that no profound depth sepsratss the magnetite and sphalerite deposits.
Differences between the dominsntly ignecus complex and the Gremville
Lovlande ean be explained by the differing extent to which the two areas
have been intruded by granitic rocks and affected by their emapations;
the differences need not be ascribed t9 profound difference h level of

erosion,

Notes on the ors Yypes .
The writer had intendeé to compare the ore deposits of the St,
Lawvrence County district with those of similar type found elsewhere.
It is not possible to present the comparison here., Instead, & few brief
notes are given on similar deposits from other districts,
The writer has previously pointed out that the skarn ores are &
common and videspread type, whereas the granite gneiss ores are apparently
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restricted to the pre=Cambrian. At present, the writer knows of the
following deposits very similar te the granite gneiss ores of S5t,
Lawrence County: ILyon Mountain, Clinten County, New York (Postel and
Rogere, in preparation); Bdison mine, Ogdensburg, New Jersey (Rogers,
1946); Solberg belt, near ¥ds, southern Norway (Kjerulf and Dehll,
1862); Llano-Purnett area, Texas (Paige, 1911; Barnes ot al., 1949).
These deposits appear to be partly or wholly in potash granite gneiss
of several varieties, though the kind of feldspar accompanying the Sol-
berg deposits and some of the Llanoc-Burnett deposits is not clesrly
stated., The Llano-Burnett deposits are especially interesting to the
writer because barite has been found in one of them (Paige, 1911, p.
23).

Depesits in sode granite and related rocks are absent from the St.
Lawrence County district, but they are found in the Clinton County dise
trict, New York (Postel and Rogers, im preparation); the Minevillee
Port Henry district, New York; and the Dover district, New Jersey (Sims,
1950).

Modified depositscrudely similar to part of the Trembley Mountain
snd Parish deposits belong to the Killfallet and Myrback types of
Geijer (1923). They are, respectively, cordierite-anthophyllite guarts-
i{tes and biotite-almandite-quartz rocks of metasomatic origin, found
in the Eiddarhytte field, Vastmanland, Sweden. Oranite gneiss ores of
the St, Lawrence County type seem to be lacking from the Central Swedish
district,

Spessartite garnet is an abundant gangue mineral in the galena-



sphalerite deposits of the Brokenm Hill distriet, Few South Wales
(Andrews, 1922, Oustafson et sl., 1950). Ia addition, spessartite,
quarts, and magnetite are found in m—prohnuvi deposites assocliated
with the PbeZn lodes, Andrews (1922) aserided & common replacement
origin to the Pb-Zn lodes and the non-productive magnetite deposits.
Gustafson and his associstes (1950) consider that the Pb-Zn lodes are
hypothermal but suggest that the magnetite deposits may be metamorphosed
sedimentary rocks, The Broken Hill deposits are found in an ares of
complexly-folded sillimenitic rocks. The general geology of the district,
and many features of the mineral deposits, are remmrkadly similar teo
those of the Parish magnetite deposit, St. lLawrence County. The asso-
ciation of magnetite, kn minerals, and Ba minerals in the two districts
is particularly interesting., The associaztion of Fo with Mn in many de-
posits formed under & wide variety of conditions amountes almost to a
geochemical rule and deserves serious study. The sssociation of Ba

with Pe i» much lese common,

Economiec future of the dietrici

The St. Lavrence County district cheuld have & healthy future as
a modest producer of iron ore from low-grade and medium-grade deposits.
.The ore from several small deposits of relatively high grade might,
in times of national stress, serve as sweetener for lower grade ore,
However, the quantity of lump ore in the district apperrs to be very
small, Greatly extended life and incressed preduction may follow from
development of magnetite deposits now sub-marginal in grade. Gillies



(1950) and Webd and Fleck (1950) have expressed optimiem concerning the
reserves of Adirondack mesgnetite aand the economic advantages that
improvemente in wining and milling may bring,

The Adirondack magnetites have & strategic position that might
prove to be an invalusble asset or & considerable lisbility., If the
two steel plants to be erected on the Delaware River at Paulsboro, New
Jersey, and Morrisville, Pennsylvania, are completed before the heavy
shipment of foreign ores begins, the Adirondmck ores will be even more
in demand than they are at present, They mAy become still more prominent
vith the general development of the northera region that should follow
the construction of the St. lawrence seaway.

Perhaps the development of the Adirondack area will focus attene
tion on the very low grade magnetite-ilmenite-zircon deposits in the
mafic layers of the Diana quarts syenite complex, Ths ilmenite from
these metamorphic rocks has little exsolved iren oxides, and much of
the magnetite sppears to de free of exsolved ilmenite. (This is a rather
uncommon feature among titaniferous magnetites; it is probably a conse-
quence of thorough umnmixing and recrystallization during deformation.)
The relative purity of the metallics, the presence of sbundant sircon,
and the suspected occurrence of subordinate monaszite in these ultramafic
sones within the mafic syenite might offset the extremely low grade of
the material,

The possibility of finding siszeadle low-grade deposits of primery
erystalline hematite in association with microcline granite gneisses
in the 5t, lawrence County district must alse be kept in mind,
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DEPARTIOENT OF THE INTERIOR

INFORMATION SERVICE

SZOLOGICAL SURVEY

for Release JULE 12, 1951
GEOLOGIC REPORT QI ST, LAYRAICE COUNTY, IEW YORK IROJ ORE IEPOSITS FEIZASTD

| A study by Geological Survey scientists of the geology of the magmetite
leposits in St, Lawrence Co. Hew York has yielded information that will aid in the
evelopment of newly discovered iron deposits in the St. Lewrence County {istrict,

Seeretary of the Interior Oscar L, Chapman announced today,

The two active mines in the district, the 2enson Mines at Star Lake, and the
lifton Mine at Degrasse, now produce about 1 million tons of high quality mazne-
iite concentrate anmually, about half of the total iron ore production of Hew York
btate, Secretary Chapman said, Betwcen 1941 and 1946, 10 promising new deposits
ind 12 small but favorable prospects were discovered, The discoveries, made by
rivate industry, together with the Geological Survey and the Burem: of Mines, were
msed on systematic geologic and geophysical prospecting,

A preliminary report covering the geologic studies mnde between 19U3 and 1951
v B, F. Leonard of the Zeological Survey hos been made available for pudlic iuspec-
ion in advance of formal publication because of the sreal interest shown in the
egion by the iron mining indvstry.

According to this veport, the iron deposits occur in ancient rocks that are
re~Cambrian in age, Two types of deposits are recognizede—those in skam, a
ichly altered limestone, and those in grarite gneiss, The deposits in slcum are
ariable in grade, complex in structure, and small to moderate in size, The
Wposits in granite gneiss are moderate to large-sized, relatively low-zrode bodies
f disseminated ore,

The ore hodies are restricted to a complex structural knot of metamorphosed
“dimentary rocks and granitic sheets that have Deen pressed into tight folds, The
e bodies lie on the limbs and noses of the folds, and the outlines, when plotted

. a map, resemble fishhooks, -

. The ore is younger than the foldinz and metamorphism of the host rocis, It
oresents a high temperature replacement effected by solutions derived from the
folten zranitic roclk.

The report entitled, "Magnetite deposits of the St, Lawrence County district,
i Yorle," is accompanied by a mep showing, the relation of the principal iron
'posits to certain major geologic features, a map showing some structural features
[% Clifton Mine, and 2 other illustrations. Copies of the report and illustrations
Y not available for distribution but may be exemined at the Geological Survey,

fom 1033 (Iib General Services Building, Washington, D, C,; at the Library
iLiceton Univers %‘.'f Princefon* . 3,3 cb ¢ Office of the State Geologist, State
.3

ation Bulirld%ng, hbam, d, and at the Gouverneur Reading Room Association,
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