Mineral Resources

Mineral Resources of the Northeastern US:
a brief review

A minera isanaturaly occurring solid with adefinite chemical compos-
tion and crystalline structurethat isformed through inorganic processes. Minerds
areliterally thefoundationsof our everyday world. Not only do mineralsmake
up therockswe see around usin the Northeast, they areused in nearly every
aspect of our lives. Thewidevariety of mineralsfound in therocksof theNorth-
east, areused inindustry, construction, machinery, technol ogy, food, makeup,
jewelry, and even the paper on which these
wordsare printed.

Luster refersto the appearance of the

Minerals provide the building
blocks for rocks. For example, gran-
ite, an igneous rock, is typically
made up of crystals of the miner-
als feldspar, quartz, mica and am-
phibole. Sandstone may be made
of cemented grains of feldspar,
quartz and mica. The minerals
and the connections among the
crystals define the color and resis-
tance to weathering of a rock.

Elements:
the building blocks of minerals

Elements are the building blocks of minerals. The mineral quartz, for example,

minerd surfaceinreflected light. Metalic
minerashavealuster likean aluminum panor

is made of the elements silicon and oxygen. Most minerals present in nature are
not composed of a single element, though there are exceptions such as gold (Au).

Eight elements make up (by weight) 99% of the Earth’s crust, with oxygen being

adull metd likearusty nail. Metalicminerals
arevital to themachinery and technology of

by far the most abundant (46.4%). The remaining elements in the Earth’s crust
occur in very small amounts, some in concentrations of only a fraction of one

percent (Figure 6.1). Since silicon (Si) and oxygen (O) are by far the most

modern civilization. Geologistsseek out ores
that contain S gnificantly moremetd thanis
normal inthecrust. Many metalic minerds
occur inextremely small amountsinthecrust.

and is found all over the Northeast.

A
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Itisalmost dways necessary to processore minerasin order %, ftse
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to get theuseful element. A mineral iscalled anorewhen Sy
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abundant elements in the crust by mass, it makes sense that quartz (5iO2,
silicon dioxide or silica) is one of the most common minerals in the Earth’s crust

Figure 6.1: Mineral
percentage by mass

>
)
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Z in the Earth’s crust.
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example, chal copyrite, which contains copper, iron and
sulfur, isreferred to asan ore when the copper can be profit-
ably extracted fromtheiron and sulfur.

Non-metallic mineralsdo not havetheflash of ametal,
though they may havethe brilliance of adiamond or the silky appearance of
gypsum. Generdly muchlighter incolor than metalic minerals, non-metdlic
mineralscantransmit light, at least through piecesor edges.

What distinguishesaregular mineral fromagem? Beauty, durability and
rarity of theminera qudify it asagemstone. Beauty refersto theluster, color,
transparency and brilliance of theminera, though to somedegreeit isdependent
ontheskillfulnessof thecut. Maost gems, including tourmaline, topaz and corun-
dum, aredurable becausethey arehard (scratch-resistant). OntheMohs Scale

chalcopyrite: CuFeS,
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Mohs Scale of Hardness
In 1824, the Austrian mineralogist, F.
Mohs, selected ten minerals to which
all other minerals could be compared to
determine relative hardness. The scale
became known as Mohs scale of hard-
ness, and is very useful as a means for
identifying minerals or quickly deter-
mining hardness. A piece of glass hasa
hardness of approximately 5 on the scale;
your fingernail is just over 2; and a pock-
etknife blade is just over 5.

calcite: CaCO,

of Hardness, themagjority of gemstonesaregreater than 7.

12 TG’*;;sum Hardnessisimportant becauseit hel psusunderstand
3 Calcite why somerocksare more or lessresi stant to weathering and
. i':::z: erosion. Quartz (7 onMohsscale) isarelatively hard min-
6 Feldspar erd, but calcite (3 on Mohsscale) issignificantly softer.

75 % ”:;:Z Therefore, it should be no surprisethat aquartz sandstoneis
190 ‘;T;;f,‘i,‘; m | dgnificantly moreresstant to erosion and westhering than a

limestone, the primary congtituent of whichistheminera
cacite. Quartzisavery commonminera inthe Earth’scrust
and very resistant dueto itshardnessand relativeinsol ubility. Thus, quartzgrains
arethedominant minera innearly al sands.

A gem’svaueisalso dependent ontherarity of theminerd. Withlimited
supply (commercialy or in nature), theva ue of agemincreasessignificantly, such
aswithrubiesor diamonds. Quartz may haveabrilliant luster and bequite
durable, butitishardly rare. Therefore, quartz hassignificantly lessvaueasa
gemstone, though somemicrocrystallineand colored varieties of quartz are of
moderatevalue.

Geologistslooking for particular mineralsdo not make haphazard
guessesasto thelocation of orebodies. The occurrenceof mineralsinthe
Earth’scrust isdueto the geol ogi ¢ processesthat formed certainrock typesina
givenarea. Anunderstanding of theenvironmentsinwhichminerasform, the
minera sthat make up different rocks, and the geol ogic history of anarea, helps
thegeologist to ascertain with ahigher probability where minerasof interest are
concentrated. Metallic minerasare often associated with igneousand metamor-
phicrocks, whichtypically occur in either very ancient rocks
(Precambrian) or in areasof severedeformation of the
crust (such aswhere continents have collided)
(Figure 6.2, 6.3).

Non-metallicmineradsare
found associ ated with sedimentary,
igneous and metamorphic rocks of
all ages, and in both deformed and [ | peformed Paleozoic
undeformed crust (Figure6.2, 6.4). Bl Frecambrian
The apparent concentration of non- Figure 6.2: Generalized geology of the Northeast.

Figure adapted from USGS 1998 Mineral Resource Evaluation of the

metallicminerasalongtheesast coast Northeastern Uss.

I:l Coastal Plain

I:l Undeformed Paleozoic
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of theUnited Statesreflectsthe high demand for non-metdlicmineralsina
densaly populated region that hasled to intense mining of theimmediate area. .

Common rock-forming
minerals

«  Thereare over 3,500 different min-
erals identified in the world, and
awide variety occur in the North-
east. However, the number of com-
mon rock-forming minerals is
much smaller. The most common
minerals that form igneous, meta-
morphic and sedimentary rocks
(and the ones that you will most
commonly see) include quartz,
feldspar, micas, pyroxenes and
amphiboles. Though quartz oc-
curs in several colors, it is most
commonly white, gray or clear.
Feldspar may be a variety of col-
ors, including pink, white, and
black or gray. Mica, a thinly
sheeted, flaky mineral, is most
commonly either light in color
(muscovite) or black (biotite).
Pyroxene and amphibole are dark
green to black, generally needle-
like crystals.

Figure 6.3: Distribution of
metallic mineral deposits
of the Northeast. No data
available for Maryland or
Delaware. Figures adapted
from USGS 1998 Mineral

Figure 6.4: Distribution
of non-metallic mineral
deposits of the Northeast.
No data available for
Maryland or
Delaware.

Resource Evaluation of the

Northeastern U.S.

Minera depositsmay beformed in one of severa ways: evaporation of
water; crystallization of magmaor lava; or the dissol ution and later preci pitation of
mineralsby hot water moving through cracksand openingsintherock well below
thesurface. A minera isnot necessarily restricted, however, to one method of
concentration or environment of formation. For example, gypsummay formasa
precipitate from evaporating water, but isal so associated with volcanic regions
wherelimestoneand sulfur gasesfrom the volcano haveinteracted.

In the discussions of each region to follow, the focus is on: currently mined and other significant miner-
als; where the minerals are most common (though they may occur in other places as well); and how the
minerals formed in each particular area relate to the surrounding rocks and geologic history.

What are hydrothermal solutions?
Hot water moving through rocks, also known as hydrothermal solutions, is always enriched in salts (such as sodium chloride NaCl,
potassium chloride KCI, and calcium chloride CaCl,) and thus is called a ‘brine’. The brine is as salty or even saltier than seawater. Salty
watet, surprisingly, may contain minute amounts of dissolved minerals such as gold, lead,
SOLUTIONS EXPAND copper and zinc. The presence of salt in the water suppresses the precipitation of the metallic

INTO CREVICE minerals from the brine because the chlorides in the salt preferentially bond with metals.
RAPID COOLING Aﬂdztlonally, because t}%e brine is hot, minerals are more e'asdy dissolved, just as holt tea
PRECIPITATES dissolves sugar more easily than cold tea. These hot water brines, or hydrothermal solutions,

MINERALS can have varying origins. As magma cools, hydrothermal solutions form because water is
HYDROTHERMAL |—=——— often released into the surrounding rock. The water is hot because the nearby magma is still
SOLUTIONS —— hot (though cooling). Rainwater becomes a hydrothermal solution by picking up salt as it
——_filters through rocks. And seawater (already enriched in salt) is often a hydrothermal solu-
— — tion in the vicinity of volcanic activity on the ocean floor where tectonic plates are pulling

apart. Rapid cooling of the hydrothermal solution over short distances allows concentrations
— of minerals to be deposited. Water moving quickly through fractures and openings in the rock,
‘ [ experiencing changes in pressure or composition, and dilution with groundwater can rapidly
RIS cool a hydrothermal solution. Figureby]. Houghton.
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Mineral Resources of the Inland Basin
Region 1

Al

CLINTON

Thelnland Basinisrichinavariety of mineras, though only afew are

mined commercialy (Figure6.6). Thesedimentary rocks, making up the Tl
alc
thick sequences of the Queenston and Catskill Deltas, formed from Zn

sediments eroded off of the Taconic and Acadian Mountainsinto the Ag
inland ocean during the Ordovician and Devonian. The
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Adirondacks, strikingly different from the surrounding sedimen-
tary rock, aremade of billion-year-old Grenvillerocks.

producing localities of the Inland Houine
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Figure 6.6: Principal mineral- ONTARIO

Basin. Figure adapted from 1998 United States Salt

D
Geological Survey State Mineral Information, ﬁ 0
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gAMBRIA Mineral Resources

Al----Aluminum Salt
WASHINGTON Ag----SiIver Talc
FAYETTE Fe----Iron Zn----Zinc
GREENE Gar----Garnet
(GARRETY) Gyp----Gypsum Region Boundary

Pb----Lead County Boundary
Wol----Wollastinite COUNTY NAME

Between the sedimentary rocks of the basin and theigneous and meta-
morphicrocksof the Adirondacks, thereisawidediversity inthe principal
minera resourcesfoundintheregion, including metallic mineralssuch asiron, zinc
andillmenite, and non-metallic mineralssuch asgypsumand sdlt.
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Metallic Minerals

in Grenville Rocks:

The Precambrian Grenvillerocksof the Adirondacks, formed asthe
Grenville marine sedimentswere compressed and tacked onto North America,
are seen poking through the younger sedimentary rock cover inthe Adirondack
region of New York (Figure6.7). The Grenvillerocks

include metamorphosed sedimentary rockssuch as
marble, gneiss, and quartzite, aswell asanorthosite, an
igneousrock crystalized from asthenosphere magma.
Withaminera assemblageuniqueinthelnland Basin,
the Adirondacksproduce most of themetal lic mineras
intheregion. Theprincipa metallic mineral resourcesof
the Adirondacksincludeiron, zinc, lead, Slver, duminum
andtitanium.

Ironinthe Adirondacksismined fromtheore magnetite. Though
geologistsdisagree ontheorigin of theiron, it may possibly haveformed as
depositsof ironin sedimentary rock that werelater metamorphosed, or from
concentration and later precipitation of magnetite crystalsby hydrothermal
solutions. Thoughiron may aso bemined from other mineralss, including
hematiteand siderite, and was at onetime or another mined from every statein
the Northeast, theonly profitable site currently being minedfor ironisinthe
Adirondack Precambrian gneiss.

Zinc, lead, and silver are often found in association with each other.
Sphdleriteisthemost important oreminera of zinc; galenaisnearly theonly
regiona sourcefor obtaining lead; and silver isfound insmall amountswith
gdena. Both sphaleriteand gdenaarefoundin commercial quantitiesinthe
Adirondacks. Theminerdswereinitialy concentrated by hydrothermal solutions
and recrystali zed through metamorphism whenthe Grenville sedimentswere
compressed abillionyearsago.

Until recently, illmenitewasmined in the northeastern section of the
Adirondackswhere anorthositerocksarefound. Illmeniteisan oreof titanium
and was produced for useasawhite pigment inpaint. Titaniumisalsoanimpor-
tant metal because of itslightweight nature, strength, and resistanceto corrosion.
Asthe Grenvillerockswere compressed and metamorphosed, magmafromthe

Figure 6.7: Precambrian
Grenville rocks of the
Adirondacks.

see Geologic History,
p. 3, for more on
Grenville Rocks.

see Rocks, p.32,

for more on %,
Grenville
rocks.

magnetite: Fe,O,
hematite: Fe,O,
siderite: FeCO,

see Minerals, p. 131
for more on |~
hydrothermal
solutions. Jk

sphalerite: ZnS
galena: PbS
silver: Ag

Zinc is typically used in metal
alloys and galvanized steel. Lead
is necessary for batteries, commu-
nication systems, and building
construction. Silver is used in
photographic film emulsions,
utensils and other tableware, and
electronic equipment.

illmenite: FeTiO,
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kyanite, sillimanite and an-
dalusite all have the same chemi-
cal composition: ALSiO,

The mineral name hematite has
its origins in the Greek word
haimatos, meaning blood. The
vivid red pigment that iron lends
to the mineral is valuable as a
commercial pigment. Iron from
hematite is also used in the manu-
facture of steel.

wollastonite: CaSO,

Wollastonite is primarily mined
for use in ceramic tiles, porcelain,
and paints. It is also used as a
replacement for asbestos in brake
linings.

Gore Mountain garnets are used
primarily as abrasives, not gem-
stones.

asthenospherewelled up through overlying rocks. Themagmacrystalizedto
formtheigneousrock, anorthosite. Crystallization, however, did not happenal
at onetime. Inaprocessknown ascrystal settling, the dense, heavy minerals
crystallized first and sank to the bottom. 1limenite, being aheavier minerd,
became concentrated at the bottom of the crystallizing magmato formthelarge
depositsof the orethat we seetoday.

Aluminumisasominedinthe

northernmost part of theInland Basin. The ready availability of iron at the surface
made iron one of the earliest mined mineral

Aluminumisacommon component of resources in the US. Iron by itself is ex-
high-grade metamorphic mineralssuchas tremely rare, usually only occurring in me-
teorites. Iron is more often found in combi-
nation with other elements to form ores of
iron, such as hematite, magnetite, siderite
and pyrite (FeS), among others.

kyanite, sillimanite and andalusite.

in Other Rocks

Iron isasofoundin Pennsylvaniaand other partsof New York besides
the Adirondacks. In particular, layersof limestoneinthe Clinton Group of
rocks, located in the Silurian deposits at the edge of the A ppal achian Plateau,
contain depositsof hematite and siderite. Theseiron-rich layersstretch asfar
south as Alabamaand areimportant indicatorsof sealevel riseandfall. Hema-
titeformsin shallow ocean water and sideriteformsin relatively deeper water.

Non-Metallic Minerals

Thelnland Basin also hasadiverse assemblage of non-metalic minerals,
fromthewollastonite, garnet, tourmaline, and beryl of the Adirondackstothe
sdt and gypsum of the sedimentary rocksfurther south.

in Grenville Rocks

Theminera wollastoniteiscurrently minedinthe Adirondacksin
Lewisand Essex County, New York. Wollastoniteformed in the Adirondacks
when the Grenvillelimestonewas metamorphosed and intruded by magma.
Ninety-nine percent of thewollastonite produced in the US comesfrom New
York.

The Adirondacks have also been aleading producer of garnets. Spec-
tacular crystals, aslargeas 1 macross (though typically 2-2.5 cm across) have
been found at thefamous Gore Mountain garnet mine. Though the Gore

The Paleontological Research Institution . %
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Mountain mineisnow closed, themineat nearby Ruby Mountain continuesto be
aleading producer of industrial garnet for useasan abrasive. Whenthe Grenville
sedimentswere compressed and metamorphosed over abillion yearsago, the
heat and pressure melted the deeply buried rocksto magma. Asthemagma
pushed up through the overlying Grenvillemarble, gneissand quartzite, it gradu-
ally crystalized to form anorthosite and other igneousrocks. When theseigneous
rockswere also metamorphosed, the heat and pressure recrystalized some of the
rock toformthefamousgarnets.

in Evaporite Rocks

Thelnland Basin was part of aninland ocean for hundreds of millions of
yearsasthe continents pulled apart and pushed together. A shallow restricted
seaistheideal environment for the evaporation of water and deposition of
evaporiteminerals. Halite (salt) and gypsum are examplesof evaporite
mineras. TheSilurian, inparticular, wasatime of especialy shallow seaswith
poor circulationintheregion. It makessense, therefore, that salt and gypsum are

both found in Silurian sedimentary rocks exposed
acrosscentral New York (Figure6.8). Thesaltisat
thesurface, asnaturd salt springs, around Syracuse,
New York. Thegentletilt of the Silurianrockstothe
south meansthat salt isal so found and mined under-
ground south of the exposed salt beds, buried benesth
Devonianrocks.
Figure 6.8: Silurian rocks of Salt has played akey rolein the economy of
the Intand Basi upstate New York, and wasthe reason for the found-
ing of citieslike Syracuse, NY. The Retsof Minenear Geneseo, NY wasthe
largest underground salt minein theworld beforeitscollapsein 1993.

Gemstones

In addition to the abundance of metalsand non-metallic mineraspro-
ducedfor industria useinthe Adirondacks, the Grenvillerocksa so containthe
mineralstourmalineand beryl, prized asgemstones. Further southin Herkimer
County, New York, in apatch of Cambrian rocks southwest of the Adirondacks,
gem collectorsseek out ‘ Herkimer diamonds.” Herkimer diamondsarenotin

garnet: A;B,(Si0O,), in which A
and B may be substituted by dif-
ferent elements to produce a given
variety of garnet.

salt: NaCl
gypsum: CaSO, H,0

see Rocks, p.35,
for more on the
formation of on
evaporite
minerals.

Saltis used throughout the North-
east for de-icing roads in winter
and is also an important part of
the chemical industry. Gypsum
is mined for use in plaster and
wallboard.
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factdiamondsat all. Rather, they arevery well formed, clear crystalsof quartz
- foundintheL.ittleFallsdolostone. Dolostoneismadein part of calcite, amineral
quartz: SiO, . thatishighly susceptibletoreacting chemically with acids. Theweskly acidic
. natureof rainwater and groundwater commonly dissolveaway partsof
dolostone, leaving open cavitiesintherock. Asgroundwater, richinsilica,
moved through the L ittle Fallsdolostone, quartz crystallized in the cavitiesto
formHerkimer diamonds.

The many faces of quartz

Quartz may be one of the most common minerals in the crust, but it does
not always appear in the same form. There are a wide variety of different
types of quartz, including coarsely crystalline and microcrystalline quartz.
Several common minerals, including chert, agate and jasper, are actually
varieties of quartz. Onyx, agate and petrified wood are fibrous, microcrys-
talline varieties of quartz known as chalcedony. Though agate is naturally
banded with layers of different colors and porosity, commercial varieties of
agate are often artificially colored. Flint, chert and jasper are granular
microcrystalline varieties of quartz, with the bright red color of jasper due
to the inclusion of small amounts of iron within the mineral structure.
The most common, coarsely crystalline varieties include massive quartz
veins, the distinct, well formed crystals of ‘rock crystal’, and an array of
colored quartz, including amethyst (purple), rose quartz (pink), smoky
quartz (gray), citrine (orange) and milky quartz (white).
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Mineral Resources of the
Appalachian/Piedmont —

ISLE

Region Z FRANKLIN

/
Though mogt of themineral mining inthe A ppal achian/Piedmont stopped before W)

theearly 1900's, therearestill severa principa mining localitiesintheregion producing
zinc, duminum, titanium, talc and mica(Figure6.9). Other important mineral resources
of the Appd achian/Piedmont (though not currently mined) include: thekaolin of the
Precambrian Grenvillerocks; the Ultramafic Belt chrome and asbestos, formed from Talc
metamorphosed serpentinitewhen the Taconic vol canicidandscollided with North
America; and copper and magnetite depositsof the Triassic Rift Basin.

ADDISON

WASHINGTON

. . . BENNI
Appalachian/Piedmont Region eAeATOGA
Mineral Resources L
Al----Aluminum Region Boundary ALBANYKENSSELAK
Zh----Zinc County Boundary BERKSHIRE
Mica COUNTY NAME oreene [ |
Talc Y State Capital
Pig----Titanium Dioxiode HICHFIELD
Pigments Plant DUTCHESS

Figure 6.9: Principal mineral-
producing localities of the Appalachian/
Piedmont. Figure adapted from 1998 United

States Geological Survey State Mineral Information,

http://minerals.usgs.gov/minerals/pubs/state/
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Metallic Minerals

in Grenville Rocks
e f:c"séfl'”' tf]fz The Precambrian Grenvillerocks of the Appal achian/Piedmont region,
Grenville rocks. . located a ong the spine of the A ppal achians, peek through the sedimentary rock
. cover suchasinthe Adirondacksof the Inland Basin region (Figure6.10). ASso-
ciated with the Grenvillerocksin Pennsylvaniaand Maryland aresignificant
depositsof zinc ore, initsmost common form, sphalerite. At Franklin Fur-
naceand Sterling Hill, New Jersey, zinc oreinthe Grenvillerocksisalso

found, though theoremineralsareunusud.

The Franklin-Sterling Hill mining district

The Franklin-Sterling Hill mining district of northern New Jersey has
yielded more than 340 different kinds of minerals, more than any other
known place in the world. Franklin is known as the fluorescent min-
. eral capital of the world because 80 of the 340 minerals fluoresce, or give
sphalerite: ZnS . off light, under ultra-violet light. The two large deposits of zinc, iron

. and manganese contain the ore minerals franklinite (Zn, Fe, Mn)(Fe,
Mn),0O,), unique to the area, willemite (Zn,SiO ), and zincite (ZnQO).
The ore deposits at Franklin are found in Precambrian Grenville marble.

Figure 6.10: Precambrian Grenville
rocks of the Appalachian/Piedmont
region.

Zinc is used in galvanized steel.

in Serpentine Rocks

The Ultramafic Belt that extendsthelength of the A ppal achian/Pied-
mont region from Vermont to Maryland containsavariety of mineralsuniqueto
the serpentiniterock found inthe belt (Figure6.11). Theserpentiniterock itselfis
unusual, produced from the ateration of peridotites by metamorphism. The
Figure 6.11: Ultramafic Belt rocks | peridotite, derived from magmafrom the upper mantle of the Earth, wasoriginaly
in the Appalachian/Piedmont. - partof theoceanic crust. However, asthe North American tectonic plateand the
Taconicvolcanicidandsgradually drew closer together, theintervening oceanic
crust was being pushed beneath the North American plate. Some of the oceanic
crust was scraped off and wel ded onto the side of North Americaastherest of
the oceanic crust was shoved down into the mantle. The peridotite of the oceanic
crust was metamorphosed to form serpentinite, arock rich in mineralsnot often
found aspart of the continenta crust. A metallic mineral of notein the serpentinite
rocksischromite. Theonly oreof chromium, chromitewasat onetimeminedin
the Ultramafic Belt serpentinite rocks of Pennsylvaniaand Maryland. A dense,

see Rocks, p.42, for
more on the
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heavy minera, chromiteisoneof thefirst minerasto crystallizeand settleto the
bottom of acooling magma. 1t wasthus concentrated in the serpentiniterocksin
quantitiessufficient to be profitably mined.

in Rift Basin Rocks
TheNewark and Gettysburg Triassicrift basinsof the Appalachian/
Piedmont region stretch through southeastern New
York, New Jersey, Pennsylvaniaand Maryland.
Formed during therifting of Pangeaaway from
’}b North America, therift basinscontain dternating
layersof igneousand sedimentary rocks (Figure
6.12). Theresstant, ridge-forming igneousrocks,
produced fromlavaflows (basalt) or igneous
Figure 6.12: Triassic rift basins in 1Ntrusions(diabase), contain mineral resources of
the Appalachian/Piedmont. economicimportanceto theregion.

In particular, magnetiteisanimportant mineral resourcein the Pennsyl-
vaniaand New Jersey diabaserocks, concentrated and subsequently precipitated
by hot flowing water through therocks. Magnetiteisone of the common ores of
iron. Copper depositsare aso associated with the basalt lavas of therift basins.

in Other Rocks

Other important metallic minerdsin the A ppal achian/Piedmont region
includenickel, molybdenum, titanium, manganese, cobalt, and graphite. In
northern Delaware, titanium isan important mineral resource associated withthe
igneousrocksof thearea, mined commercialy for useasapaint pigment. Inthe
Piedmont, gold isfound in smal quantitiesassociated with quartz veinsand fault
zonesin the metamorphic rocksof theregion. Sillimanite, Delaware’ sstate
minera, isfoundinthe A ppal achian/Piedmont region of northern Delaware as
large crystalsproduced from a uminum-rich rocksthat were deeply buried and
subjected tointense metamorphism. Though theminera isnot limitedto Dela
ware, theunusually large crystalsof sllimanitefound therearerareel sewhere.

Chromium is used as a compo-
nent of certain pigments; as a com-
ponent of steel, providing resis-
tance and hardness; and in the
production of chrome and stain-
less steel.

see Rocks, p.5

magnetite: Fe,O,

Copper is used extensively as
wiring in the electrical industry
as well as in alloys such as brass
and bronze. Brass is a combina-
tion of copper and zinc; bronze
combines copper, tin and small
amounts of zinc.

sillimanite: AL SiO,
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kaolinite: ALSi,0,(OH),

Brandon, Vermont is famous for
its large deposit of the white clay
kaolinite used in paint,
kaopectate, linoleum, porcelain
and fillers.

asbestos: Mg,Si,O(OH),

talc: Mg Si,0, (OH),
Asbestos is a very slow conduc-
tor of heat, and thus was com-
monly used as a fireproofing ma-
terial and electrical insulation.
Concerns over the health effects on
the lungs of this fibrous mineral
have led to its removal from most
COMmMOn uses.

Used in talcum powder, paint, ce-
ramics, rubber and paper, talc is
an economically valuable non-
metallic mineral.

prehnite: Ca AI(AISi,O,)(OH), -

Prehnite is used as a gem mineral. *

Non-Metallic Minerals
The Grenvilleand Serpentinerocksof the Ultramafic Bdlt, and the Rift
Basinsof the Appal achian/Piedmont, host aplethoraof non-metallic minera
resourcesin addition to the metallic mineral sdiscussed above.

in Grenville Rocks

Thereisan abundance of non-metallic minera resourcesin thebillion-
year-old Grenvillerocks, including mica, feldspar and quartz. Mica, acommon
mineral inigneous, metamorphic and sedimentary rocks, isminedin southern
Pennsylvaniain Adams County from the Precambrian Grenvillerocksthat form
South Mountain. Kaolinite, awhite clay formed from theweathering of feld-
gpar, isminedinVermont.

in Serpentinite Rocks

The Ultramafic Belt of serpentinite containsat |east two important associ-
ated non-metdlic mineras, which commonly form through the metamorphism of
themagnesium-rich rocks: asbestosand talc. At onetime, Vermont produced
the most asbestosinthe United States, thoughiitisnolonger mined there. Talc
continuesto beminedin Vermont today. Anextremely soft mineral, talc canbe
scratched easily with your fingernail and hasasoapy, greasy fedl typicd of very
softminerds.

in Rift Basin Rocks

TheTriassc Rift Basin of the Appal achian/Piedmont aso hasitsshare of
non-metallic minerals. Basalt, formed aslavabroke out of the crust and flowed
acrossthe surface of thebasin, cooled quickly, trapping gas bubbleswithinthe
rock that left small cavities. Later, aswater flowed through therock, minerals
were precipitated in the cavities, forming crystals such asthegreen mineral
prehnite. Paterson and Bergen Hill, New Jersey are known for thismineral.

Gemstones
In addition to the non-metallic mineral sdiscussed above, the Appal &
chian/Piedmont region produces several typesof gemstones. Thevery common
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beryl: Be,AL(Si O,,)

mineral feldspar hasseveral relatively rarevarietiesfoundin Pennsylvaniathat are -
sold asthe gemstones sunstone and moonstone. Amethyst, smoky quartz, agate, °  Though not found in the North-

; ; ; ; ; east, the precious stone emerald
garnet and beryl arealsofoundintheregion. Beryl iscommonin granitesand is the green variety of beryl.
pegmatitesand comesinavariety of colors.

Feldspars
Feldspar is an extremely common, rock-forming mineral found throughout the North- . :
east in igneous, metamorphic and sedimentary rocks. There are two groups of feld- . P eldspar.s iz comme'rczally used
spar: alkali feldspar (which ranges from potassium (K)-rich KAISi,O, to sodium (Na)- : inceramics and scouring powders.

rich NaAlSi,0,) and plagioclase feldspar (which ranges from sodium (Na)-rich
NaAlSi, O, to calcium (Ca)-rich CaAlSi,O,). Potassium feldspars of the alkali group
are commonly seen as pink crystals in igneous and metamorphic rocks, or pink grains
in sedimentary rocks. Plagioclase feldspars are even more abundant than the alkali
feldspars, ranging in color from light to dark. Sunstone and moonstone, gem varieties
of plagioclase feldspar, are found throughout the Appalachian/Piedmont region, par-
ticularly in Pennsylvania.

Mineral Resources of the Coastal Plain
Region 3 ;

The Coastal Plain region of the Northeast hasvery few mineral producing
locdlities. Gypsum and magnesium compounds arethe extent of the current

minera production, and kaolinwasproduced inthe past in Maryland. The . see Rocks, p.46,

. . . ° th
Coastal Plain, madeentirely of awedge of loose sediments (not cemented or : Jor more on the
compacted sufficiently to have become sedimentary rock), doesnot havethe : sediments.

abundance of valuable minerasand oresfound in igneousand metamorphic
rocks, nor the proper conditionsto create such mineras. Unliketheother re-
gions, minerasare concentrated inthe Coastal Plain only through density separa-
tion by streamsand wave action along the shoreline.

ﬁ‘ The Paleontological Research Institution 141



Mineral Resources

Gold

Gold (Au) has been found through-
out the Exotic Terrane region as
well as the Appalachian/Pied-
mont. However, having an aver-
age abundance in the crust of only
0.004 parts per million, gold can
be profitably mined only where
hydrothermal solutions have con-
centrated it. Gold is not found in
high concentrations in the North-
east. Most often occurring in its
native state (not combined with
other elements), gold has been
found in stream sediments in very
small amounts.

pyrite: FeS

Manganese (Mn) is used in the
production of steel.

Mineral Resources of the Exotic Terrane
Region 4

Theformation of theigneousand metamorphic rocksthat dominatethe
Exotic Terraneregion provided the perfect conditionsfor spectacular concentra-
tionsof metdlicand non-metalicminerds. Thefirst chartered mining company in
the US started inthe Exotic Terraneregionin 1709 at the Simsbury Copper
Mine, Connecticut (now East Gransby, CT). Other very early mineswere
located inthe BlueHillsalong coastd Maine.

Metallic Minerals

Withthecollision of the Taconic volcanicidandsin the Ordovician,
Bdticaand Avaoniainthe Devonian, and thefind collisonwith Africaduringthe
Permian, thevariousdicesof the Exotic Terrane region have undergone signifi-
cant periods of compression, deformation, metamorphismand intrusion by
magmas. These dynamic geologic conditionsgaveriseto theformation of many
metallic minera s (often associated with igneous and metamorphic rocks). Gran-
itepegmatites, commoninthisarea, ofteninclude uranium, gold, antimony,
graphite, andiron. Gold, lead, silver and copper are associated with the meta-
morphic rocksin theregion and commonly found in association with one another.

Exceptiondly finequality crystalsof pyrite, ‘foolsgold,” arefoundin
Chester, Vermont. A very common and widespread mineral, pyriteformsin
igneous, metamorphic and sedimentary environmentsaswaell asthrough the
chemical alteration of other minerals. Other metalic mineralsand oresfoundin
the Exotic Terraneregioninclude molybdenum, cobalt, nicke, tin, and tungsten.

Thelargest manganese deposit onthe North American continent isfound
inMainein Silurian rocksof Aroostook County. Themildly metamorphosed
Silurian rockswere once sedimentsat the bottom of the I apetus Ocean. Con-
centrations of manganese commonly form on ocean bottomstoday.

Non-Metallic Minerals
The primary non-metallic minerasof theregion are metamorphic and
pegmatite mineras, which are so common in the Exotic Terrane areabecause of
thefoundation of igneousand metamorphic rock.
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in Metamorphic Rocks

The processof metamorphismrangesfrom|low grade (with only mild
increasesin pressure and temperature) to high grade (with severeincreasesin
pressure and temperature). Mildly deformed rocks may be subjected to very
low grades of metamorphism and outwardly exhibit little changein appearance.
Severely deformed rocks, on the other hand, have usually been subjected to
very high grades of metamorphism and appear distinctly different. Thehigher the
degree of metamorphism, the greater the changeistotheoriginal rock. The
changesinclude, to varying degrees, theaignment of mineralswithintherock,
recrystalization of minerds, and, inmany cases, thecrystalization of new
minerds.

Geologistshave determined that specific mineralswill form at specific
temperature and pressure conditionswhen agiven type of rock ismetamor-
phosed. Low-grade metamorphism of clay-rich rockssuch asshale, produce
theminera chlorite. Higher-gradeincreased metamorphism producesthe
minera skyaniteand sillimanite. Themineral sassociated with certain gradesof
metamorphism areknown asindex mineras, indicative of the combination of the
temperature and pressure conditionsarock hasundergone (Figure6.13).

METAMORPHIC | Clay-rich Limestone |Mafic ignheous
GRADE rocks rocks
low chlorite chlorite chlorite
* biotite garnet garnet
staurolite hornblende hornblende
high kyanite augite
sillimanite

resulting metamorphic minerals
Figure 6.13: Minerals formed through varying degrees of metamorphism in different types of rocks.

Thus, by examining theminerdsfound inthe Exotic Terraneregion, itis
clear that the rocks have been metamorphosed to varying degrees. Chloriteis
foundinnorthern Maine, indicating that therockswereonly mildly deformed
becausethey were not the center of the collision between continentsand have
fewer igneousintrusions. Eastern New Hampshire and southern Maine, how-
ever, clearly show evidence of high-grade metamorphism by the presence of
mineralssuch assllimaniteand kyanite.

Consdering the platetectonic history of the Exotic Terraneregion, the
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The Taconic, Acadian and
Alleghanian mountain-building
events repeatedly compressed and
deformed the rocks of the North-
east.

The grade of metamorphism gen-
erally decreases to the west, with
variation due in part to contact
metamorphism by intrusions of

magma.

see Minerals, p. 134
for more on garnet.

see Rocks, p.52
for more on
pegmatites.

Pegmatites often contain rarer
minerals such as lithium, beryl-
lium, uranium, lepidolite, spo-
dumene, apatite, and fluorite, in
addition to the more common
quartz, feldspar, and mica.

presence of high-grade metamorphismintherocksisno surprise. Therocks
with high-grade metamorphic mineralsindicatethe areaof greatest stressduring
the episodes of mountain building throughout the Paleozoic, aswell asareasthat
have beenintruded by magma.

Garnet, ametamorphic minera indicative of moderate metamorphism, is
found throughout the Exotic Terraneregion. Connecticut has spectacular garnets
inthe metamorphic rock, micaschist. Garnet isused asagemstoneand an
abrasivein sandpaper and polishing. Thesubstitution of different eementsinto
thecrystal structure produces several common types of garnets, all of which have
thesamebasic chemical composition: uvarovite, pyrope, andradite, almandite,
grossulariteand spesartite. Almanditeisparticularly commonin Connecticut.

Gemstones and Other Non-Metallic Minerals
The platetectonic history of the Exotic Terraneregion provided theright
conditionsto produce s ow-cooling magmasfar below the surface. Volatiles

escaping from those deep magma chambers, enriched in water and rare elements,
led to the creation of outstanding pegmatites: lithium pegmatitesin Massachusetts,
phosphate pegmatitesin New Hampshire; and thefamous gem-qudity tourma-
linesand beryl of Maine. Thefirst Mainetourmaline, and the start of gemstone
production inthe United States, wasmined at Mt. Mica, where crystalshave
beenfound aslargeas 39.4 cmlong, 17.8 cmwideand weighing 14.3kg. Many
mineralsin apegmatite are common and not gem quality, such asquartz, mica,
and feldspar. However, gemstonesfrequently arefound in associationwith
pegmatites. Other gemstonesfound inthe Exotic Terraneregioninclude garnet,
zircon, topaz, corundum, feldspar, and quartz varietiesincluding jasper, rock
crystal, amethyst, and smoky, roseand clear quartz.
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